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NINTH ANNUAL MEETING. 

Held at the Offices of the Institution, 
11 ViOTOBiA Stbebt, Westminsteb, 8.W. 

Fdnruartf 4th, 1899. 
Mb. GEOEGE E. STEVENSON, President, in the Chair. 

The Ballot Lists were handed to and examined by the 
Scrutineers, who reported the following gentlemen elected : — 

As President — Mr. Frederick D. Marshall 

As Vice-President — ^Mr. James W. Helps. 

As Members of Council — Messrs. T. Holgate, T. S, Lacey, 
and Geo. Winstanley. 

As Auditors — Mr. Magnus Ohren and Mr. Alfred Lasa 

As Members— Messrs. C. P. Botley, G. S. Frith, J. 0. V. 
Lminger, W. McCrae, T. N. Bitson, and J. McE. Bowbotham. 

As Associate — Mr. T. R Murray. 

The Beport of the Scmtineers, haying been moved and 
seconded, was duly adopted. 

The Meeting was then declared adjourned to the 2nd of 
May for the reading of Papers, and the remainder of the 
business. 
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ADJOUENED NINTH ANNUAL MEETING. 

Held at the Institution op Civil Engineers, 
Great George Street, Westminster, S.W, 

May 2nd and 3rrf, 1899. 

Mr. FEEDERICK D. MARSHALL, President, 

in the Chair. 

The following Report of the Council, having been printed and 
circulated among the Members was taken as read : — 

'*The Council have pleasure in submitting their Ninth 
Annual Report. They ^re pleased to record a cotitinuance of 
the steady progress that h^is marked the history of the Institu- 
tion since its formation. As regards the financial poBition \\ 
will be seen by the Balance Sheet that the money in hand at 
the end of the year shows a considerable increase ; the Council 
have therefore been able to substantially augment the invested 
funds of the Institution in accordance with the Articles of 
Association. 

'' The Summer Meeting held in June last year was marked 
by the visit paid by the Dutch Institution of Gas Engineeis 
who attended to the number of about 70 members. It is with 
great satisfaction that the Council record the success of. the 
efforts made to receive and entertain our confieres from across 
the sea. 

** The Council regret that no definite action was taken upon 
the Report made by the Committee on the question of the 
Temperature of Gas Measurement, submitted at the adjourned 
Annual Meeting. 

'^The amendments of the Articles of Association agreed 
upon at the Special General Meetings, held on the 15th of June 
and 13th of Jply, 1898, have been duly registered by the Board 
of Trade. 

*' The Autumn Meeting was held at Manchester, when an 
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opportunity was afforded of inspecting the various Gas-works of 
the Manchester Corporation, and owing to the efforts of the 
President and the members of the Corporation Gas Committee, 
the visit proved a great success, 

"The Council take this opportunity of recording their 
thanks to those who have contributed to the usefuhiess of the 
Transactions, by furnishing abstracts of Scientific Papers and 
Drawings, and Descriptions of Works, 

"The accounts to the 31st December, 1898, have been duly 
audited, and the Balance Sheet accompanies this Report." 

On the motion of the Retiring President, seconded by Mr, 
G. E. Botley, the Report of the Council, together with the 
Statement of Accounts, was formally adopted. 

The Scrutineers reported that the following gentlemen had 
been elected to the Institution : — 

As Members — Messrs. J. C. Belton, C. E. Brackenbury, 
W. G. S. Cranmer, W. J. Fuller, H. Hawkins, and G. M. 
Robins. 

As Associates — Messrs. A. Caddick«and H. Morris. 

Mr. Stevenson then introduced his successor, Mr. Frederick 
D. Marshal], who took the chair amid applause. 

It was proposed by Mr. Foulis, seconded by Mr. Herring, 
and carried bj acclamation, ^'That the best thanks of this 
Meeting be given to Mr. Stevenson, the retiring President, for 
his services to the Institution during the past year." 

The President then delivered his Address, for which, on the 
motion of Mr. J. W. Helps, seconded by Mr. G. E. Stevenson, a 
hearty vote of thanks was unanimously accorded. 

The following Papers were read and discussed : — 

Coke-Handling Plant. By T. Holgate. 

Kotes on Modern Systems of Retort-Heating. By G. P. 
Lewis. 

Distribution. By C. 0. Carpenter. 

Incandescent Mantles. By Professor V. B. Lewes. 

The Practical Working of Carburetted Water Gas. By 
C. F. Botley. 

Wind Pressure on Buildings and other Structures. By 
J. 0. V. Irminger. 

It was proposed by the President, and carried unanimously, 
« That Mr. A. E. Broadberry, Mr. H. lago and Mr. W. E. Price 
be elected Scrutineers for the ensuing year." 






14 ADJOUBNED NIKTH JLHKXJAL GENERAL MEETING. 

It was propoeed by the President, seoonded by Mr. C. D. 
Drury *' That the best thanks of this Meeting be given to the 
Authors of the Papers." 

It was proposed by the President, seconded by Mr. Guyatt, 
and carried unanimouslyi *^ That the best thanks of this Meeting 
be given to the President and Council of the Institution of Civil 
Engineers for the grant of the use of this room for the purposes 
of the Meeting.*' 

It was proposed by Mr. E. A. Harman, seconded by Mr, 
Broadberry, and carried unanimously, " That the best thanks 
of this Meeting be given to the Council for their conduct of 
the affairs of the Institution during the past year.'' 

On the motion of Mr. J. W. Helps, seconded by Mr. T. 8. 
Lacey, a hearty vote of thanks was accorded to the President 
for his conduct in the chair. 

In his response, the President proposed that the best thanks 
of the Meeting be given to the Secretary, Mr. T. Cole, for the 
manner in which he had performed his duties. This was duly 
seconded and carried unanimously. 

The Awnudl Dinner of the Institution was held at the Troea- 
dero Bestaurant, Picead^t/ Cireney on the evening of Tuesday 
the 2nd of May, the President oeeupying the chair. 
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SPRING MEETING. 
YisiT TO THE Staines Besebyoibs, May 4ih, 1899. 

The day was devoted to an inspection of the new works in 
course of oonstraction at Staines in connection with the water 
snpply of London. The Members travelled by train to Staines, 
where they were met by Mr. Basil Ellis and Mr. Maurice Aird, 
representing the contractors, Messra John Aird and Sons, and 
by them conducted over the extensive works in progress. 

The works are being constructed for a joint committee 
representing the New Biver, the West Middlesex, and the 
Grand Junction Water Companies, who will each take a supply 
from the new intake, which is situated on the Middlesex bank 
of the Thames, some 300 yards above Bell Weir. From the 
intake the water will be carried by an aqueduct to two 
storage reservoirs at Staines, a distance of about two miles. 
Part of this aqueduct will be open and part closed in ; and in 
its course it is syphoned under several obstructions offered by 
railways and rivers. The united capacity of the two reservoirs 
at Staines wiU be 3,300,000,000 gallons. The total area of the 
reservoirs will be about 400 acres, and the ayerage depth of the 
water will be about 31 feet The water will be pumped into 
the reservoirs through riveted steel pipes, 6 feet 3 inches and 
8 feet 8 inches diameter, which are supposed to be the largest 
yet constructed. The excavated material will be used to form 
embankments for the reservoirs, and the inside slopes of the 
embankments will be lined to a depth of 15 feet, with a thick- 
ness of 5 inches of concrete, to resist the wave action of the 
large sheet of water. The discharge pipes from the reservoirs 
will be of cast iron, 5 feet in diameter, and they will be fitted 
with sluice valves to enable the water to be drawn off at any 
desired level. From the pumping station the conduit will be 
continued to near Eempton Park, where it will deliver into a 
reseryoir having a capacity of about 30,000,000 gallons. 

The works have been designed, and are being carried out for 
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the water companies named, by Messrs. Walter Hunter and 
Reginald Middleton, MM. Inst. O.E. 

Fine weather favoured the Members on this occasion, and 
the opportunity of inspecting these extensive works was tho- 
roughly appreciated, as was also the kindnesss of Messrs. John 
Aird and Sons in providing lunch. 

It was intended to proceed by launch from Staines to 
Bichmond, but the river trip was cut short at Molesey by lock 
repairs. From this point the Members made their way to 
Bichmond by road, taking Bushey Park on the way. An 
interesting day was brought to a fitting close by an informal 
dinner at the Star and Garter Hotel at Bichmond. 
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AUTUMN MEETING. 

Visit to Berlin and Copenhagen, September %{h, 1899. 

The Members left London on the night of the 8th September, 
and arrived in Berlin on the following evening. They were 
y met by Messrs. H. W. P. Nugent, E. Thompson, P. 6. Ledger, 
A. F. P. Hayraan, and E. J. Hutchence, of the Berlin Staflf of 
the Imperial Continental Gas Association, who represented the 
Reception Committee of the German Gas Engineers' Association. 
On arrival, and subsequently, those gentlemen were indefatigable 
in their attentions to the visitors. 

The following day the Members were conducted by road, 
rail and river to Potsdam, where they were entertained at lunch 
by the German Continental Gas Association, represented by 
Dr. Mohr, the manager of the gas-works at Potsdam. On this 
excursion they were accompanied by representatives of the 
German Gas Engineers' Association, including Herr von Oechel- 
bauser, the president, and Dr. Bunte, the secretary. Every 
facility was given to view the natural and artificial beauties of 
Potsdam. 

On their return to Berlin the Members and a large number 
of their German professional colleagues were entertained at 
dinner by the Gas Committee of the Berlin Town Council, at the 
Eaiserhof Hotel. Herr Btadtrath Namslau, the chairman of 
the committee, presided, and gave the Members a hearty wel- 
come on behalf of the City of Berlin. Herr Oechelhauser bade 
them welcome in the name of the German Gas EngineerH* Asso- 
ciation. The President (Mr. Marshall) and Mr. Corbet Woodall 
responded to the cordial welcome. Each English guest was 
presented with a tastefully bound book containing descriptions 
and plans of a dozen modem gas-works ; in the hope, as Herr 
Oechelhauser said, that it would enable them to learn more of 
German gas-works practice than they could by personal inspec- 
tion in the time at their command. 

B 
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On Monday three gas-works were inspected — the Schmar- 
gendorf works of the City of Berlin, the Gitschinerstrasse works 
of the Imperial Continental Gas Association, and the new works 
of the Charlottenburo: Town Council The Reception Committee 
placed carriages at the disposal of the Members, and the routes 
selected in driving to the sereral works were carefully chosen 
with the object of affording a glimpse of the main features of 
Berlin and its suburbs. 

At Schmargendorf the Members were received by Herr 
Schimmingy chief engineer of the Berlin Municipal Gas-works. 
At these works a gasholder of a capacity of 2,750,000 cubic feet, 
enclosed in an ornamental brick building, was an object of much 
interest The works are provided with high and low level 
railways, the former being carried on light lattice stanchions. 
The retorts are heated by regenerator furnaces, and there are 
both horizontal and inclined settings. There are two distinct 
sets of reciprocating exhausters, one set being used in winter to 
pump gas to the district holders, about four miles distant. All 
the pumps are driven by gas engines. 

At the Gitschinerstrasse works the objects of interest were 
the coal-handling machinery and an installation of inclined 
retorts. Some partially constructed settings gave the Members 
an opportunity of closely inspecting the details of the furnaces. 
The coal is unloaded from canal boats and conveyed to breakers 
by meanf of steam cranes and grabs. It is taken from the 
breakers by bucket elevators, and trucks receive it from the 
elevators and deliver it at any desired point of the overhead 
storage hoppers. Hydraulic elevators are kept in reserve. 

Before proceeding to Charlottenburg, the Members were 
entertained at lunch by the Directors of the Imperial Continental 
Gas Association, at the Palace Hotel. The President proposed 
the toast of the Imperial Continental Gas Association, and Mr. 
Corbet Woodall, in the absence of any director, replied. On 
the proposal of Mr. J. W. Helps, the German Gas Engineers' 
Association were thanked for the manner in which they had 
organised and carried to a splendid success the visit of the 
Institution to Berlin. 

The objects of chief interest at the Charlottenburg works 
were a new retort-house, fitted with inclined retorts, and a 
charging and "drawing" machine. The new retort-house 
was designed by Herr Schimming, now of Berlin. Wh en 
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completed, the house will contain sixty-four beds of eights in 
two parallel rows. The roof is supported principally by stan- 
chions set along the centre of the house ; and it is divided into 
three sections to improve the ventilation. The coal is carried 
to overhead hoppers by hydraulic elevators and trucks run- 
ning on rails, band conveyors being held in reserve. The whole 
design of the house is on a magnificent scale, and the many 
novel points of detail were closely scrutinised by the Members. 
In the horizontal retort-house the settings are singles. The 
operations of charging and ''drawing" are performed by one 
machine, driven by hydraulic power. A pusher pushes the coke 
out at the back end of the retort, where it is taken up by a De 
Brouwer conveyor, and by it carried to the yard. The new 
charge is pushed in by one stroke of another pusher. 

After the works had been inspected, the Members were 
entertained by the Municipality of Gbarlottenburg. The Bur- 
gomaster, Herr Sehusterus, gave expression to the pleasure the 
Municipality had in receiving the English gas engineers. Mr. 
Marshall proposed success to the Gbarlottenburg gas-works, and 
Herr Oechelfaauser proposed the Institution of Gas Engineers. 

This concluded the Berlin portion of the programme. The 
visit was enjoyable and instructive in the highest degree. The 
Reception Committee were untiring in their attentions to the 
Members. In addition to those already mentioned, Herr Strei- 
chert, Director of the Berlin Municipal Gas-works, Herr Muller, 
Director of the Gbarlottenburg Gas-works, and Herren Elster, 
Silbermann, Blum, Salzenberg, and H. J. Muller, Dr. Frank, and 
others, contributed, by their kind assistance, to the enjoyment of 
the Members. To Dr. Bunte especially the Members are indebted 
for his invaluable assistance in translating the many kind words 
addressed to them in German. 

The greater part of Tuesday was occupied in travelling to 
Copenhagen, under the genial guidance of Mr. Marshall. En 
route the members were presented by the Danish Tourist Society 
with copies of a descriptive history of Copenhagen, which forms 
an appropriate memento of an interesting visit 

On Wednesday the harbour and several works upon the 
quays were inspected ; also the Eastern gas-works of the Copen- 
hagen Town Council and the Stradvei works of the Danish Gas 
Company. For the inspection of the harbour, the Copenhagen 
Harbour Board, represented by Captain Dreschel, placed a 

B 2 



20 AUTUMN MEKTINQ. 

steamer at the disposal of the party. The first stop in the 
round of the harboar was made at the stores of the Danish 
Goal Company, where a Tery interesting plant for the unloading, 
storage, and delivery of coal was inspected nnder the guidance 
of Mr. Ostenfeld and his assistants. The stores are built on the 
Monier system, described by Mr. Marshall in a paper read before 
the Institution in 1895. The coal-handling machinery was de- 
scribed by him in another paper in 1897. 

At these stores there is accommodation for about 60,000 
tons of coal and coke, and in addition the coal supply for the 
Copenhagen works of the Danish Gas Company is received 
and stored preparatory to being moved by rail to the gas-works. 
Some 30,000 tons can be stored in Monier bins, and there is 
room for about the same quantity in a roofed-in space behind 
the Monier structure. The Monier building is divided up into 
sections, so that different qualities of coal can be stored 
separately; and cart-ways intersect the store, so that any 
quality of coal in stock can be delivered through shoots into 
the customers' carts. The c^al is raised from the ships by 
means of a grab travelling upon a curved boom, and delivered 
into trucks running on slightly inclined railways laid along the 
roof of the store. These trucks run down the incline under 
the impetus of their own weight, and they can be discharged 
automatically at any desired point, the place of discharge being 
determined by the position of a striking block. In its descent 
the loaded truck lifts a balance-weight, and when the truck is 
emptied the energy stored up in the elevated balance-weight is 
sufficient to bring the empty truck up the incline for another 
load for the hopper, into which the grab delivers the coal for 
the ship. In the same store^ coke-breakers, driven by electric 
motors attracted the attention of the Members. 

The harbour grain stores, where the grain is unloaded and 
handled exclusively by band conveyors, and a Temperley con- 
veyor at work unloading and storing coal, were also inspected. 
The Temperley conveyor raises the coal in buckets, and tips it 
at any point in the length of an overhead beam, thus permitting 
a deep space to be filled without moving the machine. 

On finally disembarking, lunch was served in the Langelines 
Pavilion. Mr. J. W. Helps proposed a vote of thanks to those 
gentlemen who had thrown their works open for inspection. 

At the Eastern gas-works, the method of handling the coke 
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was an object of much interest. The coke is lowered from the 
retort-house floor to the yard leyel by a hydraulic lift, and run 
on rails to a breaker, where it is sorted and measured ready for 
delivery. At the Stradvei works the object of most interest 
was an Intze holder. The Intze bolder works in an over-ground 
annular tank, and the central space beneath the tank is avail- 
able for storage. 

In the evening the Members were entertained at dinner at 
Skodsborg by the Lighting Committee of the Copenhagen 
Municipality. Herr Windfeld-Hansen, Director of the Light- 
ing Department, presided. He thanked the Members for coming 
to Copenhagen, and for the cordial reception given to Danish 
gas engineers whenever they visited England. Mr. T. May 
proposed the toast of the Copenhagen Municipality. Mr. J. 0. Y. 
Irminger, engineer of the Eastern gas-works, proposed the 
English Gas Engineers, and Mr. Corbet Woodall replied. 

On Thursday the new Frederiksberg works of the Danish 
Gras Company were inspected, the Boyal Danish Porcelain 
Factory being visited on the way thither. The Frederiksberg 
works were described by Mr. Marshall in a paper read before the 
Institution in 1898. The method of handling the coal, the 
working of the inclined retorts, and the operation of a governor 
that responds to the demands of the district, as also many other 
novel features, were inspected by the Members with much 
interest 

Luncheon was served on the works. Mr. G. G. Carpenter 
proposed a vote of thanks to Mr. Marshall, to whom, primarily, 
he said, the Members were indebted for the opportunity of 
visiting Copenhagen. Mr. Marshall proposed the Directors of the 
Danish Gas Company, and Colonel Lewin (a director) responded. 
Mr. Woodall proposed the health of Mr. J. B. Cridland, the local 
director of the Company. 

In the evening the Members were the dinner guests of the 
Directors of the Danish Gas Company, at the Hotel Phoenix. 
Colonel Lewin proposed the Municipalities of Danish towns, and 
Herr Borup, the Obermeister of Copenhagen, replied. Mr. 
Marshall proposed the Queen's Chamberlain, the Assistant 
Director of Bailways, and the Chairman of the Danish Tourist 
Society, who had assisted him in making the visit a success. 
Mr. Helps proposed a vote of thanks to the Directors of the 
Danish Gas Company, and Mr. Corbet Woodall replied, saying 
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that the directors appreciated the valuable work done by the 
Institation and similar associations. 

Most of the Members remained in Copenhagen till Saturday, 
employed in informal sight-seeing. 

During the visit to Denmark, Mr. Marshall and his assistants, 
Messrs. C. J. Miiller, A. Edwards, and T. Westenholtz, as also 
Mr. Cridland and Mr. Irminger, rendered every possible assist- 
ance to the Members. 

From beginning to end the visit was an unqualified success — 
as enjoyable as it was instructive. The various works inspected 
in Berlin and Copenhagen had each of them novel features of 
technical interest to gas eugiueers, and the ungrudging assistance 
given by colleagues in Berlin, and by Mr. Marshall and bis staff 
in Copenhagen, enabled the Members to make the best possible 
use of the time at their disposal. 

Note. — BeBcrvptions and Draunngs of some of the Worh$ visited 
are included in the Appendix. 
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THE PRESIDENTIAL ADDRESS. 

By FREDERICK D. MARSHALL. 

In preparing this address, which it is my privilege to submit to 
you to-day, I am reminded of the words of the Sage, who, when 
asked by a certain person what to write, replied — 

'^ Think not what thou wonldst write, 
But write what thon dost think." 

Following therefore this sage advice, I will endeavour to give 
expression to some of the thoughts which have occurred to me 
daring the long eighteen years I have been abroad — '' a big 
slice out of a lifetime," as one of my predecessors in office 
remarked. Foremost, I have had no inconsiderable time for 
speculation on the fallacy of some general opinions, among 
which may be classed those concerning our great gas industry. 
The cherished opinion is that we are moribund, having entered 
on the stage of senile decay, and with many the wish is Father 
to the thought. Some — the Prophets — predict our speedy 
relegation to the past, and that our relics will soon form an 
object of interest in museums, viewed by the effulgent rays of 
the electric light. These latter are difficult to deal with. You 
cannot argue with a Prophet ; you can only ignore him. 

You, on this side of the Channel, are in a position to judge, 
even better than I am, whether in the history of the gas in- 
dustry we have ever been in a more flourishing condition, or 
based on a surer foundation. As iar as the Continent is con- 
cerned, I am in a position to inform you that the popularity 
and increase in the consumption of gas is little short of extra- 
ordinary ; and if I quoted the figures of some of the German, 
Danish and Scandinavian towns, you might perhaps imagine 
that I was verging on the romantia Curiously enough, this 
great increase — originally due to the gas used for cooking and 
domestic purposes — is now largely accounted for by use of gas 
for illumination ; and this result is entirely owing to the work 
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of Dr. Auer yon Welsbach. What the gas industry owes to 
this man it is difficult to realise ; and if Britain is proud of 
her Murdoch, Austria may be justly so of her great Scientist, 
who has practically saved the illuminating gas industry from 
annihilation at the hands of its great rival electricity, and who 
may worthily take a place beside the illustrious Bessemer, the 
man who revolutionised one of the greatest staple industries 
the world has ever known. We have groaned, it is true, under 
the tyrannies of the Welsbach Companies ; and Dr. Welsbach 
has sometimes been reproached by the unthinking as a party 
to a monstrous monopoly. But this again is one of the fallacies of 
popular opinion, based on a want of the true knowledge of facta 

It is curious to note how eagerly Continental cities and 
towns grasped at the Welsbach discovery as a means of better 
public illumination; and it is still more curious to note how 
tardy we in Great Britain have been in availing ourselves of 
its great benefits, wedded as we are to the flickering, flaring 
fishtail, with its unsightly bulbous regulator encased in — 
well, gentlemen, when on the subject of the London street- 
lantern and the London lamp-post I am apt to forget myself, 
and to become eloquent in expressions unworthy of your 
President. It is absolutely astounding to foreigners, that in 
this great city of wealth and culture, acknowledged by the 
world to be the ** hub of the universe," where the aesthetic cult 
runs amok, where peacock feathers, blue china, and Liberty 
silks, are considered the necessary concomitants of a blissful 
life, where your home interiors are Paradises of Art, that the 
public do not rise as one man and demand the removal from 
our beautiful thoroughfares of that monstrosity known as the 
London Lamp-Post. 

There is no city in the world supplied with better or purer 
gas; there are no Engineers in the profession so harassed by 
restrictions and the ''Photometer Octopus" as the Engineers 
of our great London Companies ; there is no public so ruth- 
lessly victimised by that Juggernaut the London County 
Council for the financial support of its testing-stations; but 
to what does it all amount ? Simply this — that beyond one or 
two very prominent centres, the lighting of the streets and the 
railway stations of a petty German or Danish town could put 
London to the blush. I have the opportunity of bringing with 
me a photograph of a part of the lighting arrangements of a 
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small Danish town which I commend to yonr notice. The 
Welsbach burners are suspended in globes, producing a beauti- 
ful effect ; and our experience is that the life of a mantle is 
considerably prolonged by this arrangement, our books showing 
a consumption of about 1^ mantles per annum per burner in 
the pendant lamp against 7 to 8 mantles in the rigid upright 
lanterns — even when these latter are constructed on the most 
approved modem principles, storm-proof, and fitted with springs 
and anti-vibrators. 

It has often been said that we are not an artistic people. 
To this I cannot really assent. We are as artistic as our sur* 
roundings will permit us to be ; but as I once saw stated in 
print, our lamp-posts and fittings '' give us away," and stamp 
us as hopeless barbarians. To this I think we must agree. 

We have been handicapped heavily by the Welsbach mo- 
nopoly, whereas on the Continent it has been possible for years 
past to purchase good mantles at from Sd. to 8d. each ; and it 
has often struck me, during my visits to England, that the 
quality and light-giving powers of the mantles employed here 
do not equal those in use in Berlin, Paris, Copenhagen, and 
other cities. When there has been a falling off occasionally in 
those we employ in Copenhagen, it has been found to be due to 
a too liberal use of the ** squeegee/* or that the wringing pro- 
cess to which the mantles are subjected after impregnation has 
left an insufficient quantity of the solution clinging to the 
cotton fabric. One litre of the best solution as obtained from 
Austria is assumed to impregnate from 100 to 110 mantles ; 
but I fancy this quantity is often exceeded by unscrupulous 
preparers of mantles, many of whom manufacture the cotton 
fabric themselves, and impregnate it with the solution supplied 
to them. It is, of course, an open secret that mantles used for 
public and private lighting are not impregnated with equal 
quantities of the solution. If the mantles are not chemically 
clean before impregnation, their light-giving durability is 
greatly impaired. 

A celebrated man of science remarked that every project 
hitherto exploited in reference to uncarburetted water gas " was 
a child of sorrow." So was the Prodigal Son, but after having 
been regaled on the animcd with a superfluity of adipose tissue, 
he became a decent citizen ; and I hope to live to see the 
day when uncarburetted water gas will become a commercial 
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reality. The Welsbach discovery has placed this possibility 
within reach ; and the experiments of Dr. Strache in Vienna 
are being watched with enormous interest. 

The Strache process is, as you are probably aware, based 
on the production of uncarburetted water gas from coal, and 
not from coke. The top of the Strache generator is fitted with 
a chamber in which the coal is distilled, and the volatile pro- 
ducts mix with the superheated steam, and pass over the fuel in 
the lower part of the chamber, where they are decomposed into 
hydrogen and carbon. The hydrogen mixes with the water gas 
formed simultaneously. The useless liberated carbon is found 
in the scrubbers, and is no doubt a considerable nuisance. 

Strache gas is richer in hydrogen than ordinary water gas, 
and thus more valuable for illuminating purposes. It is said 
that 66 per cent, of the heating value of the coal used is 
available. On account of the great heating power of the gas, 
the effect is much higher with Welsbach mantles than with 
coal gas ; and according to reliable tests, the energy per foot 
of Strache gets is about 18 candles. The gas yields a beautiful 
mellow light, and does not alter the tint of coloured articles. 
The small consumption of gas evolves very little heat; the 
heat evolved being about one-third of that evolved from 
Welsbach mantles and coal gas. The gas is rendered odorous 
by means of ^^ carbylamine " ; and the most minute escape can 
be easily detected. 

The Dellwik process is likewise attracting much attention. 
As you may know, the duty on crude petroleum oils precludes 
their use on the Continent for enriching purposes. Conse- 
quently every effort is being made to employ benzol, which 
is a home product, and can practically be obtained in unlimited 
quantities. At the Xdnigsberg works, an installation on the 
Dellwik plan has been in operation since November 17, 1898 ; 
1^ million cubic feet having been produced. This gas was 
carburetted at the inlet of the holder by benzol ; 5 lbs. of 
benzol being used per 1000 cubic feet. The illuminating gas 
is about 16 candles. 

In working, 1 lb. of coke produced 1 cubic metre (35 '3 
cubic feet) of water gas, the caloric value of which was 5000 
at 18° C. No condensed benzol was found outside the works 
or in the plant ; and there was no trace of naphthalene on the 
works or during the time the plant was worked. 
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With benzol at IZ. 18^. per 100 kilogrammes, the gas costs 
about Is. 6d. per 1000 cubic feet into the holders. Only 28 per 
cent, of Dellwik gas could be added to the coal gas, on account 
of trouble connected with the regulation of the Auer burners 
and cooking- stoves in the district. 

Unquestionably, any system that can use benzol is worthy 
of great consideration ; but whether we take the Lowe, Dellwik. 
or Strache process, there can be no doubt that water gas 
must be considered the great ally of coal gas. It appears to 
roe that the calorimeter will soon supplant the photometer as 
the criterion of gas supplied ; and the question of gas testing 
be reduced to a more straight-forward operation than the 
highly controversial one it is at present. The question of 
supplying rich or poor illuminating gas will soon admit of no 
argument, as within a short time, with water gas making 
progress, heat values or calories will form the objects of appro* 
ciation. 

Bespecting the comparatire cost of sources of light, the 
following table, compiled by Herr Wedding, and which I have 
been at some pains to yerifyy puts the matter very fairly, and 
shows that, whatever may be said to the contrary, the economy 
of gas consumed in incandescent burners cannot be gainsaid. 



V. 



ninmhiatlng Agent 


Bamer or Lamp. 


Heat Expended 

per luOO 
Candle-Hoars. 


Costof iflOO 
Gandlfr^Houri. 






Calories 


9. d. 


Goal gas .. .. 


Flat-flame burner 


66,500 


2 1*60 


r% .... 


Argand bnrner 


50,000 


1 7-40 


» •• •• 


Begenerative burner 


18,400 


703 


t« .... 


Inoandeeoent „ 


10,000 


8-84 


Spirit 


„ lamp 


10,600 


800 


Pi^troleam 


1 -inch ordinary burner .. 


82,000 


S'SO 


f» .... 


Inoandeaoent lamp 


13,750 


300 


Acetylene .. .. 


. • 


8,900 


4-40 


Eleotrioity .. 


Incandescent lamp 


2,600 


1 9-75 


)• •• 


Arc light 


870 


8- 10 



Technical education has absorbed much of our attention of 
late ; and on this side alarmist cries are in the air, almost to 
the extent of panic, because it is asserted that we are lagging 
behind in this matter, and that the opportunities for the 
technical education of the masses are too few. Having taken 
some pains to inquire into this question, and in view of my 
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knowledge of what is taking place abroad, I can assure you 
that, as far as opportunities and means are concerned, we are 
quite level with, if not in advance of, any other country in 
the vforld. More money than is needed is at our command in 
this respect ; and as regards the excellence of the appointments 
of our institutions, we are second to none. But, gentlemen, the 
grave question is, are those institutions as well attended as they 
might he ? The statistics I have gathered lead one to fear that 
they are not so attended ; still there is no immediate need for 
either panic or anxiety, for technical attributes and the power 
of practical work are inherent to our Nation, and cannot be 
suppressed or nullified in spite of all that English (or for the 
matter of that foreign) Trade Unionists can do to the contrary. 

From years of observation and association, I am led to offer 
the opinion — and perhaps do so at the risk of offending some 
of our national susceptibilities — that where we are lagging 
behind is in the acquirement of the higher forrns of theoretie 
science; and that in this respect the outcome of our higher 
Engineering Colleges is not what we have reason to expect 
The result is very different to that of the Continental Colleges. 
Take the great one at Zurich, for instance. From his birth, 
the Continental Engineer is nurtured on cube roots, is swaddled 
in integral calculus, and by the time he leaves his Alma Mater 
at the age of (say) 23, he is shedding algebraic formulsB at 
every step, and emitting conic sections through the pores of 
his skin ! He is a mathematician of the highest order. We 
may smile, and we often do, at the Continental student, with 
his Mensurs and his scarred face. But do not be mistaken, 
he is a force to be reckoned with ; and this great knowledge — 
acquired in Universities w hich are second to none — ^** cribbed, 
cabined, and confined" within the nation seeking scope to 
assert itself, will challenge us for intellectual supremacy at 
every available spot on this globe. 

There are to-day industrial nations which forty years ago 
were only agricultural ; there are to-day half-a-dozen nations 
fighting us with a deadly commercial rivalry ; and the pent- 
up, highly -trained mind of the Continental student is helping 
his country at every step. By the expression Continental, I 
wish to indude the Scandinavian nations of Denmark, Norway 
and Sweden, but particularly Germany. What is the secret 
of the incontrovertible success of the German Nation ? It is 
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her discipline and her intellect Her political and military 
organisation has made her the most disciplined nation in the 
world ; and the application of this same organisation has tended 
to make her the most intellectual This land of iron and blood 
possesses the finest schools in the universe, and has reached a 
standard of popular instruction which our own country, to- 
gether with France and the United States, is laboriously trying 
to achieve. Popular education in Germany is established on 
the grand basis of discipline, duty, and self-sacrifice; and it 
is this spirit of discipline — common to the soldier, the scholar, 
and the workman — which has made German education the best 
among nations. The spur of povei*ty, the imperious necessity 
of finding an existence, makes every German, however brilliant 
his University career has been, only too glad to accept an oppor- 
tunity of using his abilities in any form of practical business — 
whether that of commercial traveller or soap boiler. I have 
had the privilege of living in close touch with these people 
for the last eighteen years ; and if I am enthusiastic in their 
praise, it is only due to honest admiration. 

With so many highly-trained intellects at their disposal, it 
is not to be wondered at that Continental gas companies are 
able to secure thoroughly scientifically trained men — men who, 
as a rule, have absolved their polytechnic examinations — and 
what this means, only those can appreciate who have had an 
intimate acquaintance with the circumstances. That old saying, 
replete with misconception, that ** an ounce of practice is worth 
a pound of theory," has much to answer for ! 

Much is being done on the Continent to raise the standard 
of efficiency of the gas engineer. He is being elevated to 
the rank of a specialist ; and the German Association of Gas 
Engineers have established at Garlsruhe a curriculum for the 
higher training of lighting technicians. The German Con- 
tinental Gas Association have likewise, at Dessau, established 
a school for training those back-bones of the profession, the 
non-commissioned officers or foremen. At Oarlsruhe, the pro- 
gramme consists of courses of practical exercises at the High 
School and at the Carlsruhe Gas- Works; the classes being 
presided over by Drs. Bunte, Haber and Eitner. At Dessau, 
the scheme is under the care of Herr Direktor Oecbelhauser ; 
and aspirants to foremanship are educated in the fundamental 
principles of gas making, applied mechanics, the use of steam. 
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and a knowledge of materiala It is a great work, and is 
deserving of every snccess. 

The Continental student, whether studying or in employ- 
ment, is afforded every possible means of visiting other 
countries, and of visiting works or industries connected with 
his profession, and for this purpose is supplied with funds 
either from private sources or by the State. This shows what 
is being done abroad to attract young students of a higher 
class to our profession, and to meet the objection raised by my 
distinguished predecessor in office, Mr. Corbet Woodall, that 
electricity was attracting a higher-toned and better class of 
men. Municipalities with whom I am acquainted largely 
avail themselves of these opportunities; and their young gas 
engineers return home laden with knowledge, all redounding 
to the strength and independence of the undertakings with 
which they are connected. The City and Guilds of London 
Institute examination has done much — very much — ^to increase 
the attractions of gas engineerinof, and to raise it from a mere 
'' rule-of-thumb " profession to a place it should, and eventually 
must, occupy among the higher branches of engineering and 
chemical industry. 

I crave your pardon for having occupied your time by such 
a long dissertation on matters educational ; but it is a question 
that is uppermost in every thoughtful mind, and to me 
personally the subject has a great fascination. The considera- 
tion of the foregoing brings me to a matter concerning which 
I invite your attention. 

Closely allied to the education of the gas engineer is 
another question I beg leave to submit to you, and that is the 
idea of instituting a National, British, Gas Laboratory and 
experimental Gas-Work& Our industry is perhaps one of the 
wealthiest, and we cannot plead want of means. At this 
laboratory and gas-works, studeiits would be educated, and 
experiments and research in the higher branches of gas physics 
and chemistry be carried out, under the daily and constant 
direction of our ablest professors, who have made the study of 
gas science their own. I have been reading the '* Proceedings " 
of the Society of Chemical Industry, and the able address of 
Dr. Clowes, F.O.S. ; and I am stirr^ to appeal to you on this 
matter (which has been uppermost in my mind for many years) 
by what is being done by the local Chemical College at 
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NottiBgham. If the gas industry is to be lifted to the scien- 
tific level of other kindred industries, it can only be by means 
of patient research conducted on well definsd lines, and not by 
sporadie individual effort ; for it cannot be expected that men 
who are weighted by the mind-wearing responsibility involved 
in the management of a large undertaking, should devote the 
time necessary for chemical research. 

The profession is under the deepest debt of gratitude to the 
late Dr. Letheby, and Messrs. Fewtrell, Hartley and Wills ; 
also to Dr. Frankland, Professors Vernon Harcourt and Lewes, 
and Messrs. William Sugg, Lewis T. Wright, and others. But 
the help rendered by these gentlemen, great as it has been, is 
insufficient for our needs. 

In this respect we are now owing much — far too much for 
our national pride — to foreigners; and though we are filled 
with admiration of the epoch-making works of Siemens, 
Elonne, Grunebei^, Bunte, Lowe, Coze, Langhans, Solvay, 
Kern, Bandsept, Denayrouze, and Welsbach, it would have 
given more satisfaction if these honoured names smacked a 
little of the Anglo-Saxon. 

That more research is necessary is evident from the fact 
that the phenomena of the evolution of gas from coal is still 
a partial mystery, and the knowledge we do possess is too 
empirical. The very common phenomena of stopped ascension- 
pipes has never yet been satisfactorily explained or the remedy 
therefore really discovered ; the action of the condensers is 
imperfectly understood ; and the presence and cure of naphtha- 
lene deposits is, broadly speaking, a speculation, and from the 
fact that the recent report of the committee on the question of 
the effect of temperature on gas measurement is too inconclusive 
and vague to be of great scientific value, or to furnish formuUe 
for the enunciation of any law on the subject. Some of us have 
doubtless occasionally had differences of opinion with colliery 
proprietors, and have had the astounding temerity to question 
the value of the coals supplied to us. We have been con- 
fronted by those well-known printed analyses issued by two 
well-meaning and representative men of the profession. No 
one questions the bona fides of these gentlemen ; but we know 
that in many instances these analyses, as representing the coal 
we receive, are as near facts as the fairy tales of M. de Bouge- 
mont In this respect alone a national testing-works would be 
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of infinite Talue, and might perform the blessed oflSce of estab* 
lishing peace on earth and goodwill between those antagonistio 
atoms the gas engineer and the vendor of coals. It has been 
entirely due to years of patient research that Dr. Welsbach 
has been able to lay bare the secrets of the powers of the 
refractory earths ; and it has only been by means of incessant 
research that the Germans daily eyolve dyes more beautiful 
than ever from our coal-tar, and have thus gained control of 
an industry which until a few years ago was distinctly British. 

I therefore earnestly appeal to you, gentlemen, to take this 
suggestion under your consideration, and to inaugurate the 
coming century by the establishment of a national gas research 
laboratory and works, out of funds guaranteed by British gas 
undertakings. We have hitherto held — ^and do now hold — ^the 
proud position of being at the head of the world's gas industry, 
commercially and technically. Others are, however, striving 
eagerly for this position ; and it therefore behoves us to strain 
every nerve to maintain our supremacy. 

It may be of interest to compare the English* and Conti- 
nental methods of production, and what our confreres consider a 
Jin de Btede gas-works. A short time since, the Municipality 
of Malmo, in Sweden, invited international competitive designs 
for a modem works capable of carbonizing 14,000 tons per 
annum — not a large works, but one that would give scope for 
modem improvements. In company with the Engineer of the 
Stockholm works and the Engineer of the Gharlottenburg 
(Berlin) works, I was invited to act as judge ; and I accepted 
readily, being most anxious to see what was forthcoming. 

Eight sets of designs and specifications were sent in — three 
German, one Swedish, one Danish, one Hungarian, and two 
English. A nice little international p(^ pouril The eight 
sets of designs comprised some 200 detail drawings; and it 
required six days of solid work to come to a conclusion, such 
was the general excellence of the designs. 

Now perhaps you know the story of the three professors — 
an English, French, and German — who were required to 
examine their respective classes concerning the anatomy and 
habits of the camel ? It struck them that a more intimate 
knowledge of the animal itself might profit them personally, 
80 the Englisman proceeded to the Sahara with his hunting 
traps, and shot one ; the Frenchman adjourned to his Jardin 
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dAcdimatatton and studied the beast in captivity ; while the 
German professor retired to the sanctity of his study and out 
of the depths of his inward consciousness eonstmcted what he 
considered a^n de atede animal! Well, we were somewhat in 
the position of these professors ; and before we could judge others, 
were compelled to construct our camel. 

Putting aside the local requirements of coal transport and 
storage, all clearly laid down in the programme, we argued 
that a perfect gas-works of an annual (commencing) capacity of 
14,000 tons, should be ; — 

Betorts, — 149 horizontal retorts 10 feet long, equal to a 
capacity of 6500 cubic feet per retort per diem, or 125 inclined 
retorts of 8000 cubic feet 

This number would include a reserve of 10 per cent. The 
inclined retorts to be about 12 feet long. Three International 
Judges were thus in favour of short inclined retorts. 

Coke Quenching. — In the immediate vicinity of the retort- 
house a coke-quenching space, equal to half-a-day*s maximum 
production, or, say, 520 square metres (3500 square feet) of 
area. 

Coke Stacking, — A further stacking place, equal to 43,000 
hectolitres » 858 square metres (9500 square feet) space. 
Ck)ke to be stacked 16 feet high. 

Coke Conveyor. — The coke to be transported from the retort- 
house to the stack by a conveyor of the " De Brouwer " type, 
quenched as much as possible outside the building, and con- 
veyed direct to the coke-crushing and sorting machine, which 
must be able to deal with lOUO hectolitres per working day. 

Condensing. — All condensing, tar extracting, and purifying 
apparatus to be in buildings, the temperature of which can be 
placed under control. 

For every 1000 cubic metres (3500 cubic feet) of gas pro- 
duced, an air-cooling surface of 3 square meters and a water- 
cooling surface of 1 square metre to be provided. 

Order of Apparatus. — The apparatus to be planned in the 
following order: — Betorts, condensers (primary), exhausters, 
condensers (secondary), tar extractors, scrubbers, washers, puri- 
fiers, meter, holder. 

Reserve. — Exhausters and tar extractors to be duplicated. 

Scrvhbers and Washers. — The volume of the scrubbing or 
washing apparatus to be not less than 6 cubic metres (212 

c 
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cnbic feet) for every 1000 metres (35,000 cubic feet) gas; 
and there must be at least two subdivisions of this order of 
plant. 

PvHfiers, — At least four sets of purifiers for oxide of iron. 
The area of each purifier to be not less than 1 square metre 
(10*8 square feet) for each 1000 cubic metres daily maximum 
production. 

Revivifying. — ^The revivifying floor to be not less than 
20 square metres (215 square feet) per 1000 cubic metres of 
maximum production. If a mechanical oxide turner is used, 
the space may be curtailed 25 per cent. 

Station Meter, — The station-meter drum not to exceed 100 
revolutions per hour; the production per hour (maximum) 
being reckoned at 1200 cubic metres. 

Oas Speed. — The speed of the gas not to exceed 3 metres 
per second. The minimum allowable pipe dimension being 

-----. = I cubic metre per second, — ^ — = 15 inches. 
3600 ^ ^ ' 3 

Regulator and Connections. — These to be constructed to 
pass a maximum of 2000 cubic metres (70,630 cubic feet) per 
hour. 

Tar and Ammonia Tank. — Estimated that 1 cubic metre of 
coal SB 120 litres of ammoniacal liquor and 45 litres of tar — 
together 165 litres — 14,000 tons =s annually 630 cubic metres 
of tar. Tar tank to contain, therefore, 600 cubic metres, or one 
year's supply. Ammonia tank to contain 1680 cubic metres. 
Assuming there is a sulphate apparatus erected, the ammonia 
tank to contain 16 per cent, of 1680 cubic metres, or 270 cubio 
metres. The sulphate of ammonia apparatus to be equal to 
10,000 litres per diem. 

Pumps. — The usual and necessary pumps. 

Water Tank. — To contain 30 cubic metres. 

Workmen. — Booms for fifty men, with warm baths, refec- 
tory, Ac, &c. 

Shops. — Smith's s^op, carpenter's shop, and usual offices. 

Such was our '^ camel " ; and the designs more than fulfilled 
these conditions. The drawings themselves were (excepting 
the English) of the most elaborate and beautiful description, 
and as I thought it might interest you to see these plans, the 
Town Council of Malmo have been good enough to entrust 
them to my care, and I now have the pleasure of presenting 
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them for your inspection. The first prize went to Herr Mont- 
gomery, of Malm5 ; the second to a Hungarian Engineer (Herr 
BolZy if I remember rightly) ; and the third to Herr El5nne 
of Dortmund, 

Begarding the estimates for the works, it is curious to re- 
cord the extreme variations there appear to exist in engineers' 
minds respecting what a works should cost For instance, the 
one in question was estimated by the competing engineers as 
follows :— 

For a works carbonising 14,000 tons annually — 

£ t i. d, 

A.— 52,778 3 14 per ton. 

B.— 59,166 4 6 „ 

0.-48,111 :. .. 8 8 „ 

D.— 25,444 1 16 „ 

E.— 31.055 2 4 „ 

F.— 54,722 3 18 „ 

G.— 50,944 3 12 „ 

This did not include gasholders (already provided), nor the 
cost of site or fencing in the same. 

The scheme costing 50,944Z. was accepted — ^the Swedish 
one. The English estimates were for 25,444^. and 31,055/. 
respectively ; but it was quite out of the question that the works 
could have been built for these prices. 

Generally speaking, the works were planned quite in 
accordance with English ideas ; and I may say there were very 
few improvements on English methods — certainly not in car- 
bonising or purifying. Where, however, we may venture to 
take a lesson is concerning the process of condensing and tar 
eaDiracHng. It is the Continental practice to place nearly all 
the condensing and washing (scrubbing) apparatus in buildings 
the temperature of which may be regulated ; and the apparatus 
is not thus exposed to the vagaries of the sun and wind. The 
removal of tar by special apparatus on the impact system is a 
nne qua non^ as it is argued that it is wrong — radically wrong 
—to employ condensers for purposes other than to reduce 
temperature, or scrubbers and washers to extract tar, thereby 
impairing their ef&ciency, causing them soon to choke, and 
churning up tar and liquor together so that their ultimate 
separation is a work of difficulty. 

Continental works are more ornamental architecturally 
speaking, are cleaner and roomier, and the apparatus more 

c 2 
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perfectly finished ; but there the comparison ends. As money- 
making machines, English works are more economically con- 
structedy as they are free from superfluitiea 

It may be remarked that all the designs — Swedish, German, 
Danish and Hungaiian (excepting the English) — were worked 
out on the metric system ; and it has often occurred to me 
that we English engineers would do well to follow suit I have 
read the recent correspondence in the ' Journal of Gas Lighting * 
on this matter ; and I cordially endorse all Mr. Brackenbury 
has said. Why do we, like the ostrich of mythology, bury our 
heads in the sands of obsolete traditions and antiquated success, 
and alone (or almost so) of all nations cling to our chaotic 
system of weights and measures ? 

There is a point concerning which the Continental mind is 
troubled and astonished, and that is regarding the extra- 
ordinarily large quantity (many thousands of tons annually) 
of coke exported from Britain to their shores. It is welcomed 
gladly by the public, but with mixed feelings by the Continental 
manager. It is true he realises the fact that he cannot supply 
the local demand ; but it is nevertheless a source of wonder- 
ment to him that this useful and smokeless fuel is not more 
appreciated at home, where, if used in larger quantities, it 
might contribute to solve that "burning question," Smokeless 
London. He argues, sadly, that if his consumers are willing to 
pay some 25d. to SOs, a ton for this ideal fuel, why, oh ! why, do 
the British public allow such a treasure to leave their shores at 
some Is. to lOs. per ton f.o.b. 

The Paris Gas Company years ago — long before coke became 
a drug in the English market — did much to popularise the use 
of coke by permanent exhibitions of good stoves, and by the 
distribution of drawings and pamphlets concerning their use. 
We have on the Continent excellent and really ornamental 
slow-combustion coke-stoves — not of the monumental tombstone 
or ** sarcophagus " type one is apt to associate with the old form 
of German stove. Yes ! I know you do not appreciate the word 
stove, and prefer the dear old smoky, wasteful fireplace, emitting 
blacks like a forge, and in which 80 per cent, of the heat ascends 
the chimney to warm the stars, and before which we gracefully 
bask, warming a part of our anatomy in the attitude so peculiarly 
British. But consider the extravagance compared to a good 
porcelain stove — Doulton ware if you will — burning but a 
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ficnttle of coke per day. Seriously, mnch might be done by 
English companies instituting exhibitions of really first-class 
stoves to popularise the use of coke, and bring home to rich and 
poor alike the advantages of this really excellent fuel ; and the 
results of these efforts would soon be evident on the companies' 
balance-sheets. There must be something economically wrong 
which permits the vending of so many thousands of tons of 
fuel to the foreigner at a price out of all proportion to its true 
value. Personally, I shall only be too delighted to aid, and 
will ship you a steamer full of stoves — if you will only keep 
yonr coke at home I As it is, the export of coke has been the 
cause of enormous loss to the English companies, and has caused 
a similar lo^s to the Continental gas-works. The only people 
who have really profited are the shipowners (and they are not 
grateful for coke freights) and the foreign middleman, who turns 
a nice penny by the transaction. 

What a vast field for reflection the words " Old Age 
Pensions " open up. To us, vigorous and hearty, and blessed 
with a share of this world's goods, it may not appeal so strongly ; 
but to others what a vision of security and comfort it offers. 
Legislation on this subject in England seems to have hung fire ; 
and the Boyal Commissions appointed to report on the question 
do not appear to see their way clear. 

In 1883 the German works which I have the privilege of 
controlling came under the Sick Insurance Law ; in 1885 the 
Accident Law was enforced on us ; and in 1891, the famous 
enactment providing for those permanently incapacitated and 
for the aged — these two measures being complementary one of 
the other. This enactment makes it compulsory on the German 
workman to insure at the age of 16 against invalidity and old 
age. It applies to the entire wage-earning population of Germany, 
whether male or female, whose wages do not exceed 21. per 
week. That a law of such vast scope is somewhat cumbersome 
in its application — as, indeed, all such laws worked under the 
brass-bound ^gis of German officialism are — can be understood ; 
and were it not for that perfect German organisation, it would 
be simply impossible of application. 

How does this complicated machine work? Every em- 
ployer of labour must, in paying the wages of an employee 
over the age of 16, see that he is furnished with a '' receipt 
card.*' These cost nothing, and are obtained on application 



38 WE PBESlDEKtIAL ABDBEStf. 

from the nearest police bureau. The cards contain 52 blank 
spaces ; and the employer on paying the wages of his work«> 
people affixes a stamp of a certain value on one of these 
blank spaces. The stamps, which are of various values, may 
be obtained at any post office, and are used only for insurance 
purposes* Although these stamps are purchased by the em-* 
pioyer, he is at liberty to deduct one-half of their value from 
his employee's wages. This is^ however, seldom done — at 
least as far as domestic servants are concerned. In the case 
of factory workmen, the division system is in vogue ; and it 
is thus that the contributions to the insurance fund are borne 
half by the employer and half by the employee. 

Does not the State contribute ? Yes, most materially. It 
contributes 508. per annum to every pension, whether invalid 
or old age pension; it pays the contributions of workmen while 
serving in the army and navy ; it defrays the expenses of the 
Imperial Insurance Department; and it effects gratuitously 
the payment of pensions through the Post Office. 

What are the results? Invalidity Pensions: Taking a 
single instance, there are four classes of wage-earners ; and 
these pay respectively the ludf of 7, 10, 12 and 14 ffewnige 
weekly (14 pfennige equals Ijc!.). This insures a workman 
of the fourth class, paying 7 pfennige weekly, the sum of 
207. 15d. 6(2. per annum on attaining the age of 50, if at that 
age he be capable of farther work. Old Age Pensions : The 
weekly contributions in the four classes are the half of 4, 6, 
8 and 10 pfennige respectively. A workman of the fourth 
class, therefore, who at the age of 16 commences to contribute, 
is entitled on completing his 70th year to an annuity of 91. lis* 
Not a princely sum, surely ; but it forms a welcome addition 
to the earnings of the old not incapacitated working people^ 
and makes some amends for the diminished vigour of old age« 
This small anhuity is, I may add, the cause of some dissatift* 
faction* 

I have endeavoured to sketch shortly and roughly the 
working of this beneficent enactment. It is not certain that 
this law would be adaptable in England, as our social legisla* 
tion is quite different to that of Germany ; but it undoubtedly 
forms the basis of a law which it appears to me is daily be^ 
coming a crying necessity. From my own experience and 
that of my workmen, I may add that we are satisfied; and 
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in oar opinion the best point abont the whole is that it is 
tofrnpuiUory, Yoa will appreciate this word, when yon consider 
the practical impossibility of compelling the British or any 
other workmen to vcluntarUy make provision against the on- 
slaup;ht of the inevitable old age. 

The Continental atmosphere is heavy with impending labonr 
troubles ; for yon must not think yon have the monopoly of 
life's little worries. The tentacles of mischievous Trades 
Unionism have spread to every industrial country. Even in 
peaceful Denmark strikes are of daily occurrence; and the 
outlook, indeed, is most serious. Prompted by that spirit of 
humour with which it has pleased Nature sometimes to afflict 
me, I once in this very room made a flippant remark concern- 
ing Mr. George Livesey's great profit-sharing scheme ; and I 
take this opportunity of expressing my regret, for I am now 
convinced that {he only possible way of mitigating, if not of 
entirely allaying, the evils of the devastating conflict now 
being waged between Capital and Labour, not only in our own 
industry but in nearly every other, is to follow the lead set by 
Mr. Livesey. 

llie directors of the company with which I am connected 
have for many years past encouraged, by means of a generous 
qrstem of bonuses and payments by results, applied to both 
officials and men, a personal interest in the undertaking ; and 
I am of opinion that in every gas-works a similar system 
should be initiated, and that the men who have by their brains 
and labour assisted to pay dividends should have their services 
acknowledged beyond the mere payment of their daily wage. 
Profit-sharing cannot be carried out on any fast lines, or be 
subject to State control. It must be more or less voluntary, 
and based on mutual confidence and honesty of purpose ; and 
England has every reason to be proud of " our " Mr. Livesey, 
who, by the exercise of his great will and profound common 
sense, has taken the first step towards solving the greatest 
problem of the age. 

This address is already too long; but before concluding, 
permit me to express to you how deeply gratified I am at the 
unexpected honour you have conferred upon me by electing 
me to the position of your President. There is the well-known 
danger, when a man leaves his own country for a term of 
years, of the old saying being fulfilled — ** out of sight out of 
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mind." But it has been my constant wish and endeavour to 
set this old saw at defiance, and as far as they are concerned 
to keep in touch with the old friends and comrades of my 
profession ; and I echo the wish expressed in Charles Dickens's 
story of * The Haunted Man ' — 

'* Lord ! keep my memory green." 

The leaves of the Tree of the Nineteenth Century are fast 
falling around us; and soon the old tree will fall too. Let us 
all sincerely join in the wish that the new Tree of the coming 
century will bear, as the ripest and mellowest of its fruit on its 
topmost branches, a flourishing British G-as Industry, 

Gentlemen, in this address. I have endeavoured to avoid 
technicalities, and to carry out the words of the Sage, and 
** write what I do think." If some of my thoughts jar on your 
ears, and you feel constrained to gently chide me for my 
Teutophile tendencies, believe me that I am ** in spite of all 
temptations " a true Englishman — perhaps more so now than 
when I forsook your shores so many years ago. I am jealous 
and fearful lest we lag behind ; and if to-day I have probed 
weak spots, let me, in the words of the immortal Bottom, 
crave your indulgence — 

^ If we offend, it is with onr good will. 
That yon ahonld think we oome not to offend 
Bat with good will. . . . 
We do not oome as minding to content you, 
Our tnte intent ia— AU for your delight** 
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COKE -HANDLING PLANT. 
By T. HOLGATR 

The Aathor has had occasion to consider the suitability of 
yariouB forms of machinery for dealing with the coke from an 
existing retort-house, and also from one now in course of erec- 
tion at Halifax, and hopes that a record of his experience and 
of the information thus compiled may prove the basis of a useful 
discussion. 

The subject is taken to include the quenching, the convey <• 
ance from the mouths of the retorts, the screening, sizing, 
washing, storing, and delivery to consumers ; and the Author 
proposes to refer to the features which present themselves 
under these several headings and consider how the various 
forms of plant meet the necessities in each case. 

Quenehinff. — ^If coke is removed by side-tipping wagons, 
then a good supply of water is needed as well as a distributor 
which will deliver a fairly equal shower of water over the area 
of the wagon. Unless this is the case some of the coke will be 
insufficiently cooled, whilst other portions will be exceedingly 
wet In one case, where these trucks were in use (presumably 
holding about 10 cwt. of coke), the engineer informed the 
Author their use was being discontinued on account of this diffi- 
culty. In my own experience of trucks holding 6 cwt. of coke, 
the equal cooling of it has not been found easy. At Halifax 
the coke is received from the horizontal retorts into a hopper 
having its mouth at the retort-house floor level, and having at 
the bottom a door. If the cokeman has an insufficient supply 
of trucks, he receives the coke into the hopper, otherwise he 
allows the coke to slide through the hopper into the truck and 
quenches there. If the operation is not well done by the first- 
named method, then distortion of the hopper door takes place ; 
and in either case a good supply of water is necessary, the 
advantages being in favour of quenching in the truck. The 
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efficiency of quenching in oonveyors appears to be much better 
in the scraper form than in the plata In the latter the water 
escapes below the plate, whilst in the former it is retained in 
the trough in contact with the coke. Where all the coke is 
passed through screens, then it appears less water need be used 
than when the coke is delivered without such an intermediary* 

Conveying from the Retorts, — The most suitable method for 
each case must depend primarily upon the relation in position, 
level and area of the coke-yard to the retort-chouse. 

The following are to a larger or smaller extent in use : — 

(a) Bemoyal by means of trucks worked by an endless rope, 
locomotive, horses, &c., upon gauges from 2 feet to 4 ft 8j^ in. 

(Jb) Bemoval by means of conveyors. 

(e) Combinations of {a) or (b) with means of elevating, e.g. 
inclined conveyors, bucket elevators, crane by lifting by grab 
or bucket 

Method (a) has been adopted at Halifax for dealing with 
the coke from 180 mouthpieces, and was selected because of the 
contiguity of the railway viaduct to the retort*house, preventing 
the use of conveyors which must run in straight lines. The 
use of a wire rope gives elasticity in plan as well as in elevation 
to a greater degree than would the use of locomotives, with the 
advantage of a lighter set of girders and standards to support 
the tramway. The haulage rope is f inch diameter, 300 yards 
long, running at f mile per hour. The tension is maintained by 
a weight of 6 cwt. suspended from a pulley 4 ft 6 in. diameter 
(over all). The power is obtained from a shaft in the adjacent 
workshop, and the driving pulley draws the rope from under 
the tramway through guide pulleys. The pulleys and rollers 
are of cast steel, selected from the catalogue of Hadfield's Steel 
Foundry Company, Limited. The rope travels from G to L, 
through the tension gear (placed under the tramway) and from 
L to the driving pulley, and from that back to M and thence 
to E, completing the circuit to G, as shown on Drawing No. 1. 

It will be noticed that at L the trucks must be disconnected, 
and at M reconnected to the haulage rope. 

From G to H the ascent is 1 in 14, from H to S level, and 
from S to E the descent is 1 in 12 * 63. For safety, the inclined 
portions of the tramway are fitted on the ascent with automatic 
stops at 6-feet centres to prevent running away, and on the 
descent a brake in the form of a long flat bar 2 inches by 



i mbh stAnding 6 inches abote the tramway is required. The 
tracks used weigh about 7| cwt.« the frame is 5 ft 6 in. long, 
the body 3 ft. 6 in. long by 3 (U 9 in« broad at top and 2 ft. 4 in. 
deep. The carrying capacity is 20 cubic feet, equal to 6 cwt. 
of coke. The trucks are connected in pairs by a piece of chain, 
the front one is secured by a clip (as sample shown) to the 
wire rope. It has been designed and made as the result of 
many tests and to meet the trying conditions of this installation. 
The clip must be easy of attachment to the rope, it must hold 
firmly in ascending and descending inclines^ it must pass easily 
the guide pulleys on the tramway, and it must by its method 
of connection to the truck not allow the latter to overrun the 
clip when descending. It must also be arranged to release 
automatically when the truck reaches the screens or the place L 
where the rope passes under the tramway. By fixing at these 
points a l|^-inch diameter horizontal bar 3 ft. 9 in. long at 
9^ inches above the tramway this is satisfactorily done. The 
adhesion of clip to rope is diminished as the latter wears away» 
and to compensate this, in the Halifax clip, the wedge action 
is provided with an adjustable slide, and for still further wear 
the jaws of the clip have renewable bushes. In addition to 
specimen of this clip, there are on view clips made by Anderson 
and Finney, Elswick ; Mr* Smallman, Nuneaton ; the Sydenham 
Clip, kindly lent by Mn Shoubridge. The latter is intended 
for over-truck rope haulage where the clip does not need to be 
disconnected from the rope and where a considerable load has 
to be hauled. The installations at Old Kent Bead and the 
Crystal Palace Ghts*works of rope-haulage machinery are very 
instructive, and should be seen by any engineer contemplating 
this methods The general arrangements are very similar, and 
the following particulars respecting the South Metropolitan 
Qas Company^s Nos« 1, 2 and 3 retort^houses at Old Kent Boad 
have been kindly furnished by Mr. Charles Carpenter* 

The arrangement comprises a sloping shoot (marked A, 
Drawing No. 2) upon which the coke falls when drawn from the 
retort; it is there watered by a hose^pipe from the coke-hole; 
the front, on tail of the shoot, is fitted with a hinged grating 
which allows the surplus water to run away. The grating is 
then opened by means of a lever, and the quenched coke 
allowed to Call into trucks B, holding about 6 cwt. each. 
These trucks, which are five in number, are connected to an 
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endless wire rope and ran on rails 14J^-inch gauge throngh 
the coke-hole up an incline to an elevated railway, where they 
shoot towards either side on to the ground below. An electric 
bell indicates to the man who controls the levers when to start, 
and stop. The endless wire rope is driven by a 12 horse-power 
gas engine, and put in gear by double fast and loose pulleys for 
travelling forward or back. 

The coke required for charging furnaces is run direct into 
the furnaces by means of a shoot. 

The coal carbonised in 24 hours is 80 beds of 10 x 2 = 600 
mouthpieces s 367 tons. 

The cost of labour is 4t'Sd. per ton of coal carbonised, and 
includes quenching and delivering the coke upon a heap 10 to 
18 feet high by 172 feet long, the coke being drawn from each 
side of retort benches 318 feet long. 

At Halifax, the cost in wages for quenching, removing to 
store heap, or screening into hoppers is equal to 4(2. per ton of 
coal carbonised. The retorts number ten beds of troughs, nine 
in each arch, that is 180 mouthpieces with six-hour charges. 

The points to be emphasised in connection with rope haulage 
are as follows : — 

1. The adoption of a convenient method of automatically 
tightening the rope. 

2. The use of curves upon the tramway and rope circuit 
of the largest possible radius. At Halifax, the minimum radius 
is 15 feet, and upon this part the guide pulleys are required at 
1 ft. 3 in. centres. 

3. The use of fleeting and guide pulleys of large diameter, 
and where grooved, those grooved to be turned in a lathe to 
the exact curvature of the circumference of the rope. 

4. The life of the rope depends upon the maintenance of 
the splice, and this in turn depends upon the flexibility of the 
rope and upon the angle through which it is bent on its circuit, 
and upon the number of times per hour that angle is repro- 
duced. 

5. The use of a screen which is effiective in dealmg with 
large quantities of coke received irregularly. 

Where coke is delivered nearly dry and in a fairly con- 
tinuous stream, the screening operation is simplified, but where 
trucks are used a very e£Scient screen is necessary. This point 
will reappear under the head of screening. 
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The use of locomotives for remoying the coke in tracks on 
a 4 fb. 8^ in. gauge has, to my knowledge, been used with 
success in one gas-works, but has since been replaced by con- 
YeyoTs aud elevators. With a gauge of about 2 feet it is, 
the author believes, in use at the South Metropolitan Gas- 
works, Old Kent Boad and Yauxhall, also at Dawsholm Works, 
Glasgow. 

The absence of wire rope is an advantage, but on the other 
hand, good curves and easy gradients are a necessity. Where 
these can be obtained with a double line of rails from the coke 
vault to the various parts of the coke yard the system appears 
to work weU. Details of the system are given in Appendix A. 

Method (a). Removal by conveyors has in many cases not 
been wholly satisfactory, on account of the high cost in main- 
tenance, although the saving in labour charges has more than 
justified the capital outlay. Again, the necessity of working 
in straight lines and the inflexibility of the arrangement have 
also retarded their adoption. It is claimed by the makers of 
one kind of conveyor that will be hereinafter described, that 
a slow curve can be traversed, because the path is described 
by rollers placed outside the trough ; and further, by the use 
at the terminals of the conveyor of a rotary section, the flexi* 
bility is greatly increased. The cost in wages appears to be 
less with a good conveyor than with trucks, buckets or grabs. 

Pan or plate conveyors, however suitable for dealing with 
coal, are not so for hot coke. The presence of tar, of coke grit, 
of water for quenching, all conspire against the durability of 
the plates, the chain, the bearings, sprocket wheels or other 
moving parts; and to overcome these adverse elements, the 
thickness of material has to be increased, with the result that 
the power required has been unduly augmented. 

The wear and tear on plates, chains and pins for same 
have received attention so that quite a number of varieties in 
the unit of construction are available. Samples of the follow- 
ing, which are playing an important part in this question, are 
on view, and particulars of tensile strength, elastic limit, &c.y 
are to be found in Appendix C. 

1. Ley's bushed links of chain for elevators and conveyors, 
made in malleable cast iron. 

2. Manganese steel links for elevators and conveyors. They 
are more free from blow-holes than ordinary steel castings, and 
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their durability is great in presence of grit, water, or under 
pressure and friction, but not when heated.* 

3. Hunt's patent links for reducing wear on sprocket 
wheelsi made in malleable cast iron. Used for chain drives 
for elevator and conyeyor chains. 

4. Hack and Piggott's patent combined pan and link (for 
hot coke conveyors), travelling over rollers. 

5. The New Conveyor Company's chain for hot coke. 

(S. West's patent chain for running along a central guide, 
as used at Gaythom. With this is incorporated the roller 
introduced by Mr. Hunt 

7. The conveyor chains formed by two lines of links secured 
to rollers placed outside the trough; the scrapers only being 
in contact with the coke. The chain used may be ordinary 
welded links, bat the designer, Mr. M. B. Wild, prefers to use 
links 12-inch pitch of manganese steel, or of Krupp's wear- 
resisting steel. 

8. The links and connecting cross-bars, as used in the De 
Bronwer trough. 

Lengths of 400 feet (say circuit of 800 feet) of this chain 
may be worked from one driving or sprocket wheel having 
renewable teeth ; and the space occupied in depth for the out- 
going and returning chains need not be more than 8 inches. 

The place where the hot coke conveyor is most efficient 
appears to be with its .upper surface level with the retort-house 
floor; but there are varying conditions, such as the presence of 
furnace shoots, which may require the conveyor to be placed 
under the floor with light shoots directing the coke thereto. 
In Mr. Wild's conveyor this use of the shoots enables the rollers 
and other wearing parts to be kept out of contact with the hot 
coke, water or tar. The return chain is now often placed above 
the highest tier of retorts, supported by rollers on a series of 
brackets and tie-rods, in this way giving an easy curve for the 
chaDge of direction at each end, and also keeping the chain 
comparatively dry. 

This method may be replaced by an under return chain 
supported on a path supported by the same frame as the con- 
veyor trough ; in some cases on the Continent the return chain 
of the De Brouwer conveyor has been used to take ashes and 

* FaU partioalan of this material are gi?en bj Mr. B. A. Hadfield in Proe. 
jBit C.E., ?ol. zoiii. part 3. 
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clinker from the furnaces and deposit them in an elevated 
bunker. 

In most of the push-plate conveyors the scraper does not 
bear upon the trough, and this secures quiet working with the 
wear due to weight only, acting upon the rollers or sliding 
contacts. It is very noticeable, when watching these conveyors, 
that the coke is taken bodily forward without much distribu- 
tion, but, being of a relatively small depth, every part may be 
quenched by the water sprays placed at intervals over the 
trough. 

Elevating, — The makers of the De Brouwer conveyor state 
that in Belgium their appliances are effective in carrying coke 
up inclines of 30^, and that, if found necessary, that angle could 
be increased somewhat before the coke would cease to be carried 
forward. Mr. Wild, by using a deep scraper, claims to lift up 
slopes of 45**. This method of elevating is very convenient 
owing to the absence of difficulties in feeding ; the discharge 
may also be made at any part of the height. The dead 
weight moved is small, and the wear and tear should not prove 
expensive. 

Bucket elevators have the advantage over cranes in giving 
more continuous delivery, resulting in less cost for labour^ 
especially where the point of delivery is constant 

It is necessary that the feeding arrangements at boot, or 
better into the buckets, should be good.^ The chain to which 
the buckets are attached must be of uniform pitch, must not 
wear or stretch unduly, must have pins and bushes that 
can readily be renewed, or be so hard as to wear out but 
slowly. 

The weight of the buckets, the chain and the coke, with 
the inclination, will determine the stress to be borne by each 
link, and in choosing the type, a material of uniform strength 
should be found. The chain, perhaps, most extensively used 
hitherto has been Ley's bushed chain, made of ^ black heart '* 
malleable cast iron, and having a safe working strength of 
2500 lbs. for 6-inch pitch, pattern No. 600, which the makers 
state is about one-tenth of the breaking strength. 

The wear of this chain is stated to be very much less when 
the material employed is Hadfield's manganese cast-steel links, 
fitted with forged manganese steel pins. 

The wear of the sprocket wheels is very much reduced by 
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the fixing of a roller upon the pin joining the links, as devised 
by our past President Mr. Chas. Hunt. 

It would appear that the ultimate tensile strength of man- 
ganese steel is twice that of malleable cast iron, but the elastic 
limit of the former is comparatively low. It would not, there- 
fore, be advisable to reduce the sectional area (irrespective of 
the difiSculties in casting of steel) of the manganese steel links, 
as a permanent set would be induced, such as to cause a jerky 
action at the sprocket wheel 

For any important installation of elevators it would be 
desirable to have the links proposed to be employed tested, and 
onlv use them for stresses well within the elastic limit It is 
further desirable to remember that manganese steel is not re- 
commended by its makers for use where the links are liable 
to become heated, as the strength rapidly diminishes as the 
temperature is raised. 

Elevators are best driven from the top with a belt, so that 
in case of unusual strain, slipping may take place rather than 
a breakage. 

Buckets used for coke should have strengthened lips ; they 
should have rollers fixed to axles, the rollers running upon the 
angle-iron forming the framework of the elevator on the up* 
ward and downward paths; they should be placed near to 
each other, with the intervening space covered by a light plate, 
so as to keep all dust from the links, and other moving parts. 

The shape of buckets and the angle of the elevator should 
be arranged to give a clean discharge without further devices. 
The capacity of the elevator must be quite equal to what the 
conveyor feeding it can ever bring to it, otherwise serious 
trouble from jamming in the boot may result, and again, the 
conveyor at the discharge end of the elevator must be quite 
equal to the work assigned to it. These conditions must, of 
course, be designed to suit the conditions of discharging from 
the retorts, which might be almost continuous or very inter- 
mittent. 

In a number of gas-works the coke is elevated in grabs or 
in large skips fitted with automatic doors, raised by means of 
cranes of various types. 

In some cases, a locomotive steam crane travels upon an 
elevated railway, preferably of a wide gauge (up to 8 feet) ; the 
crane has motions which enable it to cover a series of circles 
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sufficient to load into hoppers, into screens, or to the store 
heap as desired. Where the grab is nsed it would appear that 
some breakage of the coke will take place in filling. An 
instance of a recent installation of a travelling crane upon an 
elevated railway, lifting a large bucket out of a pit, to serve 
screens and thence into hoppers, is that of the Higginshaw 
Gas-works (engineer, Mr. Chadwick). 

An extension of this method has been devised and patented 
by Mr. Woodward, of Manchester.* He places a crane upon a 
frame or carriage, which carriage rotates upon a path of girders. 
The crane can also rotate upon the carriage, and the combina- 
tion of movements enables a large area of ground to be covered 
to a considerable height with coke, or hoppers may be used, 
from which^carts or bags may be filled. 

As an instance of cost of providing a steam crane for deal- 
ing with 60 tons of coke per hour, the following particulars 
will serve : — 

Crane jib described a complete circle of 120 feet diameter, 
maximum rake 120 feet, minimum rake 32 feet 

Weight of coke lifted each time 3 tons. 

Coke skips 290 cubic feet capacity, with hinged bottom 
doors (price about 30Z.). 

Total weight of crane 30 tons. Ballast 12 tons. 

Approximate price, excluding foundations and steam supply 
from works boilers, 10002. (Further particulars are given in 
Appendix B.) 

Perhaps the most* suitable form of crane is the cantilever, 
as employed by Mr. Hack at Saltley Gas-works. Coke from 
the terminus of the pan conveyor falls into a bucket placed in 
a pit ; the bucket holds 2 tons, and is lifted by hydraulic power, 
traversed along the cantilever or rotated so as to be deposited 
at the store heap, into screens for boats, or into screens for 
railway trucks, or for other receptacles for yard sale. 

For purposes of comparison, particulars are given in Ap- 
pendix B of a crane of this type, designed to lift 3 tons in 
the bucket to a height of 45 feet, and to describe a circle of 
47 feet radius. 

In connection with coke-handling by cranes, it will be worth 
while to consider the cantilever cranes and the self-loading and 

* Bee Patent, No. 25,298 of Nov. 8, 1898. 
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self-dumping buckets of the Brown Hoisting and Conveying 
Machine Company of Ohio and 39 Victoria Street, West- 
minster. 

Screening. — The form of screen most suitable appears to 
depend upon the number of sizes of coke required, the height 
and length available, the intermittent or continuous stream of 
materia], and the arrangements at the hoppers or other recep- 
tacles. 

For portable screens, the appliances made by Messrs. Heenan 
and Froude, Birmingham, or Messrs. Blake, Barclay and Co., 
of Greenock, are worthy of consideration, but it is to fixed 
screens driven by power that the following remarks are in- 
tended to apply. 

Where shaking screens are used, as for instance at the 
Gaythorn Gas-works, and at many collieries, flat plates with 
round holes closely spaced appear to be efiective, furnishing a 
nut or cobble of very uniform cubic content. The flat plates 
are placed at a slight inclination, and the forward movement of 
the coal or coke, and the removal of the dust, are obtained by 
a reciprocating motion which is quick in a forward direction 
and slow in returning. 

Another form of inclined screen is that known as Greenwell's 
patent, made by Messrs. Stanley, Davies and Pollard, of Hyde, 
and in use at the Saltley Gas-works. The coke is traversed by 
means of a number of chains placed in parallel lines, and the 
spaces over which the coke is thus brought are made wider or 
narrower accordmg to the width of the bars placed between the 
adjacent chaina 

Botary screens appear to have the advantage in simplicity 
of their moving parts, and in general arrangement are capable 
of considerable modification to suit individual requirements. 
For coal, the Humboldt Engineering Co., Limited, use a number 
of cylinders (as many as five) placed concentrically, the spaces 
between each adjacent cylinder being occupied by spirals which 
deliver the various sizes into shoots. In this way the largest 
material is first removed, preserving it from breakage. One of 
these compound screens, to deal with 100 tons of coal per 
hour, weighs 11]^ tons and measures 3 ft 3 in. in length by 
10 ft. 6 in. diameter. Similar rotary screens, but without the 
spirals referred to, are made by many colliery engineers, and 
to some extent they are used in gas-works for removing dust and 
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sorting breeze. They appear to be effective, but where coke is 
the material screened, and wear and tear great, the complexity 
of numerous concentric cylinders is a disadvantage. 

Where coke is supplied dry and in regular quantities, then 
a plate periphery with round holesjwill be effective ; but if these 
conditions do not obtain, then wirework periphery with square 
or oblong holes will be more effective in removing the dust and 
small sizes ; and better still, if very exact sizing is not required, 
is a periphery built up of round bars secured to a framework in 
such a way as to be easily renewed. The method of driving 
may be by internal shaft, or better by external spur wheel and 
pinion, or by wire rope, chain belt, &c. The screen should be 
balanced, and the cast«iron parts rotating upon the supporting 
cast-steel rollers should be turned up true. 

To ascertain the relative efficiencies of two types of screens 
when fed by coke from trucks holding 6 cwt., the following 
tests were made at the Halifax Gas-works : — 

1. Screen with plate periphery 34 ft. 3 in. long by 2 ft, 
9 in. diameter, inclination 1 in 8^^. Speed 24 revolutions per 
minute. 

Ltngth Passed 

of Plates. throagh. 
It. In. Percent. 

i-inoh holes at l}*m^ <^i^tre8 .. .. 9 2*5 dost. 

1 „ 2 „ .... 10 3 16' 1 nearly all dost 

'i - » " » i«*r:s:!SLi.' •"' 

Through end of aoreen 65-0 not free from dust, 

100 

2. Screen with strong wirework and spaces formed by 
round bars. Inclination 1 in 15. Speed 24 revolutions per 
minute. 23 ft. 3 in. long by 2 ft. 9 in. diameter. 

Length of Passed 
Section. throogh. 

ft. in. Peroent. 

}-i]ich bars and i-inoh spaoea .. ..4 7 26*0 dnat, 

IVirinch by li-ineh meeh 4 7 18o{^^;^'f^®^^'«^'^*' 

]|-inch spaces .. .. 5 4 30 S clean. 

2i-mch spaces 5 4 20-5 dean. 

Tbiongh end of soreen 4-7 clean, 

1 IT 

100-0 

The screen adopted at Halifax, as shown on Drawing No. 3, 
is 2 ft 9 in. diameter by 35 feet long, and is driven by means 

D 2 
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of a J-inch rope at 17 revolutions per minute. It is supported 
upon four pairs of cast-steel rollers, 14 inches diameter, placed 
one pair nearly at each extremity, and the others at distances 
of 10 ft. 6 in. apart. 

The framework consists of four cast-iron rings 5 inches 
wide by about 3 ft 4 in. diameter outside, which rotate upon 
the aforesaid rollers ; and in the second one is combined the 
fleeting pulley upon which the wire rope is placed. Inter- 
mediate to these castings are cast-steel rin<^s, 1 inch thick, 
2 ft. 6 in. inside diameter, and 3 ft. 4^ in. outside diameter. Con- 
necting each of these rings with its adjacent casting are placed 
eight 1^-inch wrought-iron rods with shoulders upon each 
screwed Ij-inch Whitworth thread. The cast-iron rings, the 
steel rings, and the rods are all machined in the lathe to exact 
dimensions, and when screwed up form a true circle, balanced, 
and rotating with the minimum of power. The spaces between 
each ring (approximately 5 feet long) are filled in with the 
renewable bars or wirework mesh as desired. The square mesh 
gives more exact sizes, but the wire is not so durable as the bars. 

The section No. 1 is fitted with f-inch round bars with |-iuch 
spaces made up in segments such that eight make up the circum- 
ference. These segments are each secured by three ^inch bolts 
to the rings, and thus are easily replaced. 

Section No. 2 has wirework mesh of | inch square. The 
wire used is No. 7, *176 inch diameter. This mesh is fitted 
inside the framework, and is likewise easily renewed. 

Section No. 3 is like No. 2, but the mesh is 1^ inch square, 
made of No. 4 wire, '232 inch diameter. 

Section No. 4 is like No. 1, but the round bars are i inch, 
and the spaces 1^ inch. 

Section No. 5 is like No. 1, but the round bars are ^ inch, 
and the spaces 1^ inch. 

Section No. 6 is like No. 1, but the round bars are ig inch, 
and the spaces If inch. 

Sizing. — In some localities, coke of small but uniform 
dimensions is much sought after, and it appears that this may 
usually be met by screening without the intermediary of a 
breaker. Whether the cubes so obtained by sorting only are 
as good fuel as those obtained by breaking the larger pieces, 
the Author is unable to say, but they can be obtained more 
cheaply, accompanied by a lessened production of dust. If 
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coke is to be washed, it is advantageons to have the same pre- 
pared to uniform sizes; this is very marked in the washers 
having mechanical pulsations. 

Coke from retorts charged with coal, mechanically broken, 
to be handled by West's manual machine, was passedj through 
A screen as last described with the following results :-^ 

Percent 

Paseed ihfoagh |*inch spaoes .. .. 13 '85 shale, dost and smallB. 

■ V. o oft/coiiteining 30 per oent 

H f „ square mesh .. 8-30| under ^ inofiVqnare. 

y) It »» t9 •• 15*39 free from dust 

H l| » spaces 24*00 „ 

1* „ » 1200 „ 

If « « 11 08 „ 

Over end of screen .. 15*88 „ 

100 00 

Washinff. — The preparation of small sizes of coke for smith's 
fires is one that is well worth doing, but it requires careful 
attention to detail. Washing by hand riddle appears to be the 
method adopted in gas-works, but it does not appear impossible 
to devise a machine which shall do this work efficiently, and at 
small cost for labour and maintenance. The price of washed 
coke should, however, always be considerably higher than the 
unwashed material — ^not less than 50 per cent. — as the propor- 
tion of inferior material removed is often high, and this portion 
may have but a small commercial value. Hand washing is 
stated to cost 2$. per ton in labour and incidentals. 

For mechanical arrangements in washing, the Author has 
endeavoured to learn the experience of those who have dealt 
with coal upon a large scale, and the following is the informa- 
tion thus gained : — 

In England quite a variety of forms exist, many of native 
origin, and two that are well known (the Luhrig and Humboldt) 
are of Continental growth. 

The distinguishing feature of the two last named is the 
use of felspar as the medium of separating the heavy parts 
from the lighter ones, in a "bash" or jigger. This vessel 
receives coal (of uniform dimensions from screens) and water. 
By the oscillation of a piston acting upon the stream of water 
in which the coal is flowing over a bed of felspar, the dirt 
passes through the latter and is automatically removed, whilst 
the coal is elevated into bunkers for drying and loading. 
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The felspar is intermediate in gravity between the good 
coal and the dirt, and such is the efficiency of the system that 
the makers of the plant undertake to remove all free ash not 
exceeding 1 per cent.^ and to leave not more than 1 per cent, 
of coal in the dirt they remove, and to do this at a cost of 
not exceeding Id. per ton for labour^ or Sd. per ton all charges 
including that of interest on capital. 

Time does not permit of a more detailed reference to 
** felspar '* washers^ but full particulars may be obtained from 
the Humboldt Engineering Company, of Ealk, Cologne, and 
the Luhrig Coal Dressing Appliances Company, Limited, 32 
Victoria Street, Westminster, as well as Sheppard & Sons, 
Limited, Bridgend, South Wales. 

The last-named firm are also the makers of a breeze and 
ashes washing machine for separating the good fuel from 
furnace ashes or clinker. Li a town of the West Biding of 
Yorkshire, where the coke is picked by hand from the ashpan 
refuse and is then washed, the material is highly prized as 
being very free from sulphur. The explanation given being 
that the sulphur has been burnt out during the passage of the 
coke through the furnace. 

The washer which has been recommended to the Author by 
a number of colliery engineers of experience is that known by 
the name of Mr. Bobinson, of Messrs. Bolckow, Yaughan and 
Company's works. 

It has a great advantage in being able to take coal or coke 
of all sizes at one operation, and the sizing or screening may 
be done after washing if desired. In comparison with the 
•* Felspar " system the plant required is less costly, occupies less 
space, and settling tanks for the foul water are not required. 
The water is used over and over again, and the cost of circu- 
lating the same is not great. The makers, Messrs. Bobert 
Wilson and Sons, Bishop Auckland, claim to treat 400 tons per 
day of 10 hours at a cost of id, per ton for labour^ to which, of 
course, must be added charges for interest, &c. 

For 10 tons per hour a conical vessel 6 feet deep and 6 feet 
diameter at its upper surface is required. The coal or coke is 
delivered by shoot into the centre of an inverted cone, whilst 
the water enters under pressure at the lower portion; the 
mingled water and good fuel pass out by an annular space 
into the drainage shoot where the good material is collected 
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into a ]*aised bunker, "whilst the water flows to a pump used 
underneath for re-circulation. The heavy parts collect at the 
bottom and are withdrawn into a bunker by opening a pair of 
sliding doors at intervals. This latter operation could, of course, 
be made continuous and automatic if so desired. The mingling 
of water is made complete by the uprush from the point of 
entry, and by an agitator placed vertically, and which also 
keeps loose the dirt which accumulates. 

When inspected by the Author at the Lofthouse Colliery the 
working appeared quite satisfactory, and he has now arranged 
for a quantity of gas coke of mixed sizes to be washed and 
afterwards screened. The gravity and percentage of ash will 
be determined for each size of the washed material and residue. 

The Wood and Burnett washer, made by the Grange Iron 
Company, Limited, Durham, is a belt travelling along an in- 
clined trough down which water is flowing. The fuel and water 
enter at the head of the trough, the good stuff being carried 
by the water to the bottom, whilst the dirt is carried over the 
top and is received in a bunker. The good material is allowed 
to drain over perforated plates, then elevated into bunkers, 
whilst the water is re-circulated. 

The Eliot washer, made by the Hardy Patent Pick Company, 
Limited, is somewhat similar to the last mentioned. As in- 
stalled at the Thomhill Collieries, near Dewsbury, it consists 
of a pair of inclined troughs (each of which is worked sepa* 
rately), 60 feet long, fitted with close-fitting scrapers. The 
inclination is about 1 in 10, the trough 20 inches to 10 inches 
wide and 7^ inches deep, the scrapers 4^ inches deep at 6^-feet 
centres on a conveyor chain. The water enters at the head of 
the troughs, and the coal midway. The good material passes 
out at the bottom, and the dirt at the top. 

The Joslin's patent washer, made by Messrs. Heenan and 
Fronde, of Aston, is arranged to separate coke from inferior ma- 
terial by scraping from near the surface of water all that floats 
there. To carry this method into effect an oblong vessel is 
employed, fitted with an inclined plane, which starting below 
the water line emerges above the vessel, so as to allow of the 
drainage of the coke removed by a series of scrapers. The 
scrapers are perforated, and are secured by hinges to a con- 
veyor chain working over sprocket wheels, so placed above the 
vessel that the scrapers dip into the water where the supply of 
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coke enters, and emerge from the water to carry up the mclined 
plane the lightest and cleanest portion of the coke. These 
oblong vessels are arranged in pairs, and the precipitated mat-* 
ter is automatically removed from them by a screw conveyor^ 
elevating the same to any height desired ont of a channel 
common to the two vessels before mentioned* 

Ooke breeze from the Halifax Gas-works has been treated in 
three of the washers mentioned in this paper with the following 
results :— 
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(a) Treated in the Wood and Burnett washer at South Hetton Oollieiy. 

(6) Treated in an Eliot washer at Thomhill GoUieiy. 

(e) Treated in an experimental washer at Heenan and Fioude's works. 

N.B. — ^The gravity of the ooke is affected by its oompaotness, due to degree 
of carbonisation, &c, as weU as to the percentage of ash in its composition. 

Particulars as to the method adopted to determine these figures for apparent 
and real specific gravities are given in Appendix D. 

An examination of the washed coke, and the use of it in 
a smith's fire reveals the fact that the lightest only has been 
removed by the Heenan and Fronde's washer, and that the 
residue is a mixture of refuse with a quantity of coke in which 
pieces of scale are imbedded. 

If this residue were treated in a washer in which an upmsh 
of water is maintained, there is no doubt a further separation 
could be effected, resulting in a second quality of coke with a 
residue nearly all refuse. 

The best all round results will be obtained by purchasing 
for carbonising nothiug but washed or hand-picked fuels, and 
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when this is accomplished economically, the necessity for coke 
washing will have diminished. 

The use of washed coal necessitates precautions to secure 
freedom from excessive moisture, and this will probably be 
obtained better by purchasing in the washed state than by 
carrying out the process at the gas-works. 

Until clean coal can be purchased at an economical rate^ 
washing of the coke will be necessary, and it will be worth 
consideration whether future plants shall be designed to wash 
the whole or only the smaller cubes. 

Storing, — ^The storing in hoppers provided with doors for 
discharging the coke into railway trucks, carts, &c., is a com- 
paratively simple matter^ if attention be paid to the headroom 
required, the stock of coke to be held in proportion to the 
retort-house production, the quantity of each size of coke that 
will pass through each grade of the screen^ the capacity to be 
allotted to the washed coke, and that the dropping of the coke 
must be down shoots to prevent formation of dust. Where only 
the small cubes are washed^ it may be desirable, under certain 
local conditions, to pass the coke from the screens on to picking 
belts before depositing in the hoppers, so that the refuse may 
be removed by hand. Where a large trade is done by retailing 
in bags, special discharging shoots are advisable for the con-^ 
venient filling of the bags, and for measuring or weighing the 
sama The arrangements of Mr. Hunt at Birmingham, and 
Mr. Braidwood at West Greenwich, are worthy of inspection^ 
and especially in this regard. 

Storing of coke in the open (or as at some works in large 
sheds) may be done in a variety of ways. 

1. By lifting trucks by hydraulic hoists from ground level 
to an overhead railway, commanding at a sufiScient elevation 
the area to be covered, as at Yauxhall. 

% By crane on elevated railway (as at Dawsholm, Higgin- 
shaw and other works), or by cantilever or jib crane, or by 
Mr. Woodward's method as described in the earlier parts of the 
paper. 

3. By a combination of conveyor, elevator and travelling 
conveyor, rectilinear or rotating. 

The reloading and screening of the coke from the store 
heap is accomplished without extra machinery by method 2, 
but where large quantities were to be handled under method 3, 
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it might be woUh using an underground conveyor. The pro' 
portion of the year's make that has to be loaded up from the 
heap need not be great> and under ordinary circumstances 
would be filled by fork or shovel into carts brought alongside. 

Combination plants based upon the types before mentioned :-^ 

1. Gatfthom, Manchester. fSngineer^ Mr. G. E. Stevensouy 
M. Inst. C.R 

The retort-house is fitted with eighteen arches (see Drawing 
No. 4), each containing six incliDed retorts 20 feet long. The 
trough is 212 feet long by 27 inches wide by 9 inches deep^ 
fitted with West's conveyor links and scrapers combined 
therewith at 12-inch centres, travelling at a speed of 54 feet 
per minute. The wear upon the central path raised in the 
trough is taken by sliding blocks in the chain^ which can be 
renewed when necessary, and by the table of a tee iron^ 
which is also easily replaced when worn. The upper surface 
of trough is flush with retort-house floor, and the return chain 
is carried over rollers resting on buckets spaced at 9 to 11 feet 
centres. Tension gear for adjusting the stretch of chain is 
provided at the point furthest from the engine and the driving 
pulleys. The discharge from conveyor trough is by a shoot 
directed towards the buckets on elevator* The buckets are 
16 inches wide, of 28 lbs. capacity, and each alternate one is 
fitted with an axle, carrying at its extremities a roller of 
6 inches diameter bushed with Babbitt's metal. All the 
principal beariogs are lined in the same way and are found to 
wear less than any other metal, as proved by previous experi- 
ence at the Windsor Street Gas-works, Birmingham. The 
links are Hunt's patent at 6-inch pitch, and run at 86 feet 
per minute. The height of elevation is vertically 37 feet» on 
incline 52 feet, and is capable of lifting 60 tons per hour. 

The screen consists of a flat plate 7 feet long by 3 ft. 6 in. 
wide, making 160 vibrations per minute, with a travel of 
4 inches, at an inclination of 1 in 6. The orifices are 1|- inch 
diameter placed at 1| inch aigzag pitch. The cold coke con- 
Toyor is 167 feet long, with plates 2 ft. 4^ in. long by 1 foot 
wide each unit The ploughs are at an angle of 60^. The 
motive power is a vertical steam engine of 11 inches diameter 
and 12-inch stroke, supplied with steam at 55 lbs. per square 
inch, running at 90 revolutions per minute. The indicated 
horse-power is 20, required for working hot coke conveyor, 
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eleyator, screen and cold coke conveyon The general arrange- 
ments are shown by the drawings and photographs^ 

2. The Smethvnck Coke Conveyor is formed by a tapered 
cast-iron trough made in lengths from 4 to 6 feet^ and fixed 
conveniently below the mouthpieces of inclined or horizontal 
retorts. The bottom of this trough has a raised part running 
all along^ to form a small gutter at each side into which the 
coke dust falls and is conveyed by means of push-plates or 
scrapers to the breeze or du8tHU>llecting box fixed at the 
delivery end. The centre part of the trough on which the 
endless chain slides is formed of Australian '' iron-wood ** in 
double strips, the top strip being secured to the under one in a 
way which admits of easy and cheap renewal. The chain is 
formed of alternate ordinary oblong links and flat steel section 
bar links. Each of the oblong links is made from a bar of 
round steel bent to fit into the opem'ngs in the flat bar links. 
This form of chain is free from pins and the slide gutters keep 
away the dust and grit from the joints of the chain. The end- 
less chain travels on the wood path all along the trough and round 
the driving or end drums in the usual way, and back over the 
rollers carried by hangers under the trough slings or standards. 
After the round links are threaded through the openings of the 
flat links, the openmgs in the latter are closed over by a cover 
plate, and on the top of this cover plate there is fixed to each flat 
link another plate of the proper width to work in the trough, and 
these coke carrying plates are about an inch longer than two 
links, so that a neat joggle is formed to overlap each plate and 
present nearly a level steel belt surface on which the hot coke 
falls to be conveyed. These plates form a moving bottom to 
the trough by which the coke is conveyed along at about 80 
feet per minute. The dust so detrimental formerly to chains 
unprotected from coke grit, falls between the edges of the plates 
and the sides of the trough into the side gutters, from whence 
it is removed by the push-plates fixed at intervals of 4 to 10 
feet to the underside of the plates, so that as the conveyor is 
at work conveying and slaking the coke along the trough, the 
push-plates or scrapers also scrape the coke dust along the 
gutters and deliver the same out at the end of the trough. 

In the installation of this coke conveyor at Smethwick as 
shown on Drawing No. 5, the four beds on the right«hand side 
are inclined retorts, and all the others ordinary horizontal 
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retorts, and the coke from both is carried in the way already 
described to the end of the retort-house ioto the eleyator, thence 
to the overhead conveyor which delivers it Ihrongh the coke 
screen to the barges or over the storage yard as shown. 

8. The De Brouwer Patent Coke Conveyor has been in use 
on the Continent in Holland, Belgium, Germany and France 
for several years, and on account of its great simplicity it has 
succeeded in doing work which has caused many other schemes 
to be abandoned. By means of simple cross-bars the coke, 
both large and small, is moved along without turning over or 
crushing, simply sliding steadily along from end to end of the 
conveyor and up the sloping delivery end to any desired heights 

The De Brouwer Conveyor consists of a shallow trough 
placed in or on the retort-house floor, and a double length of 
special chain kept apart by distance-bars at intervals of about 
2 feet, so as to run parallel and form the transmitting portion 
of the apparatus. The trough is made of cast iron, mild steel, 
or wrought iron, and varies from 20 inches wide for small 
installations of horizontal retorts up to 2 ft. 9 in. wide for large 
installations of inclined retorts, the width depending upon local 
circumstances. The depth of the trough is determined by the 
style of the floor, but is usually 5 inches, though for wide con* 
veyors 8 inches will answer quite satisfactorily, because the bulk 
of the coke falls near the centre of the pan, which is made very 
wide to give ample room, so that no shovelling is required. 

The chains are kept purposely as near the side of the trough 
as possible, because the greater portion of the coke falls in the 
centre, very little reaching the sides, consequently less wear 
and tear comes upon the chains. The bottom of the trough is 
also quite flat and plain, without projections or other causes of 
obstruction and friction to the moving coke. The bottom plate, 
usually about f inch thick, is riveted to two angle-irons, one 
on each side forming the sides, and the joint is made water- 
tight. Then the removable wearing angles or strips are fixed 
in the corners to carry the chains. All bolts and rivets inside 
the pans are countersunk, and no projections are allowed Near 
each end the pan is bent upwards, so that the quenching water 
may not escape, and at the delivery end, when the coke requires 
to be placed in hoppers or railway wagons or on the store heap, 
the conveyor is bent upwards at any suitable angle and carried 
to any convenient height ; it may then be bent horizontal again 
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and carried any desired distance. In cases where it is incon- 
Tenient to have the return chain carried above the mouth- 
pieces, owing to want of space on account of stoking machinery 
or other causes, the return chain can be carried back directly 
under the delivery pan all the way, the total depth of the whole 
conveyor not exceeding 8 inches throughout. 

Water for keeping the chains and pan cool and for quench- 
ing pnri'oses is run into the pan continuously while the conveyor 
is at work. At the commencement the trough is partly full of 
water throughout its length, but as soon as the coke begins to 
be drawn it pushes the water before it along the trough, and 
for some distance up the quenching slope at the delivery end, 
when the water overflows back over the still hot coke and satu- 
rates it, thus completing the quenching. Comparatively little 
steam is produced in the retort-house until the quenching slope 
is reached, when large volumes are generated, for the quenching 
is thoroughly done, and the coke requires no further attention 
to put it out 

The De Brouwer conveyor transmits its load of coke from 
the retort-house floor to any height and any distance in a 
straight line without once dropping it or changing its position, 
in relation to the propelling bars and the pan of the conveyor. 
When it becomes necessary to change the direction to one at 
any angle, the coke need not be dropped more than 1 foot, 
for the construction of tbe chain is such that either the top or 
bottom strand can be used equally well for conveying. 

The use of the conveyor as an inclined elevator is nearly 
always adopted ; for instance, at Bruges there are two conveyors, 
and at Ghent eight, each with an inclined end going up about 
16 feet, and delivering at the top. At Ostend there are two 
conveyors in front of the benches, each with inclined ends 
going up about 20 feet, besides other installations of the same 
kind at other works. 

At Bruges, the Hague and Ostend, the return chain is over- 
head. At Ghent, the eight retort-house conveyors have the 
return under the delivery pan, and nothing can be seen of the 
conveyor in the retort-house except the shallow trough in the 
floor, while outside the retort-house the sloping end appears to 
be a girder of 7J inches in depth, the whole of the delivery 
and return being included in that space. In these works the 
removal of the coke from twenty -four through beds of eights, 
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armnged in four stacks of six through settings each, is done 
by the foreman who starts the conveyors by throwing a clntch 
into gear when required, and the coke is dehVered into the yard 
at a height of 15 feet, and a distance of 35 feet from the retort- 
bouse, without any further labour or attention^ 

One of the features of this conveyor is the chain which is 
formed of block links alternating with double links, the block 
links being made especially high to take all the wear due to 
rubbing on the wearing strips of the pan. The single links 
are connected in such a manner that wear must come upon 
foil width of the portion passing through the hole in the block 
link, and they are held together by rivets which are made easy 
of removal, while being perfectly secure. The difficulty of 
keeping rivets tight when subjected to variations of tempera- 
ture has been avoided in the recent De Brouwer chains, by 
arranging the rivets so that they form no part of the wearing 
Surface, and with the sole function of holding the links in place, 
so it does not in the least matter whether the rivets are tight 
or loosa 

The load due to the weight of the chain forms by far the 
greater portion of the work and wear, that due to the coke 
being comparatively unimportant A moving weight of 15 lbs. 
per foot run is attained against at least 80 lbs., with plate or 
flcraper conveyors of the same width and capacity. A conveyor 
to remove 20 tons of coke per hour would require a trough 
weighing about 2^ cwt. per yard, and the chain for a long 
length of conveyor would weigh about 45 lbs. per yard, including 
all the moving portion ; for a shorter portion it would be about 
26 lbs. per yajrd. 

Referring now to Drawing No. 6, Figs. 1 and 2 show the 
coke conveyor arranged to deal with the coke from nine beds 
of eights, horizontal retorts, and four beds of eight inclined, 
20 £set long. The coke had to be taken out at the end of 
the retort'house, under a roadway, over a canal, and then to 
be screened and loaded into boats, or stored on a surface of 
120 feet long by 120 feet wide, to a height of 26 feet. The 
screening and loading plant has been omitted from the draw- 
ing, as it was of the ordinary type. The diagram shows the 
scheme in plan, elevation and cross section near the travelling 
gantry. 

It was proposed to take the coke from the retort-house to 
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the qnenching slope outside, then up the incliued end to the 
desired height, then oyer the canal and to a distance of 170 feet 
from the retort-house wall along a light latticed iron or steel 
bridge supported on standards formed of 12 inch by 6 inoh rolled 
joists. These joists formed the supports for girders carrying 
rails on which the travelling span would run, and at about 
85 feet span a second line of supports and rails would be laid 
to carry the outer end of the travelling span. 

A simple and light lattice bridge of about 100 feet long 
would carry the conveyor transmitting apparatus, and the coke 
could be delivered at the end or at any number of intermediate 
points. The bridge would be propelled at intervals by hand as 
the space became filled, and the driving of the sprockets would 
be by means of ropes passing partly round three pulleys arranged 
exactly as is usual on rope-power travelling cranes. About 
2000 tons of coke could thus be stored without requiring more 
labour than the services of one man per shift to start and stop 
the conveyor, and place the travelling span where desired. The 
total length of the conveyor was about 380 feet from end to 
end. 

No. 3 shows cast-iron or steel troughs fitted with renewable 
floors and angles, the only parts subject to wear. 

As regards the amount of labour required to deal with the 
ookcy it may be said that even in large installations, not more 
than one man will be wanted for attending to the conveyor and 
delivering the coke from it. 

4. BmgnfoT CoJce-handlinff at the New Betort Homey Halifax 
Oas-works. 

The total length of retort-house (see Drawings 7 and 8), 
which is intended for inclined retorts, is 266 feet. The settings 
will number 17 on the north side and 26 upon the south side. 
The quantity of coal to be charged per hour is estimated as 
21 tons, and the quantity of coke as a maximum of 60 tons per 
hour. 

Tlie form of hot coke conveyor shown is that devised by 
Mr. M. B. Wild, of Aston, adapted in the general arrangement 
to the requirements of the Author. No form of conveyor has 
yet been decided upon, so that this scheme is in the form of a 
proposal. 

The large scale cross-section shows the trough as 24 inches 
to 30 inches wide by 9 inches deep, and manganese steel links 
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12 inches pitch, with scrapers placed at 24-i]]ch oentres, wUch 
are connected by a cranked arm to axles carrying on each side 
a flanged roller 6 inches diameter by 1^ inch wide on tread. 
The distinguishing feature of the arrangement is the avoidance 
of wear inside the trough, and minimised wear upon the rollers 
and pins by placing them out of contact with hot coke or 
water. 

The trough may be made of cast-iron or steel, and is shown 
supported upon framework placed below the retort-house floor. 
This is necessary to avoid the shoots which deliver hot coke 
from the retorts into the furnaces. The coke to be taken away 
by conveyor will be delivered by shoots in such a way as to 
cover up the chain and rollers, whilst leaving them accessible 
from the coke vault. The return chain is shown under the 
trough, the total depth being 41 inches; but this could, if 
required, be reduced to 36 inches. 

Conveyor A (upon north side). — ^To consist of a cast-iron 
trough, 1 ft. 6 in. wide at bottom ; the scrapers, of mild steel 
plate ^ inch thick, being attached to cross bars, carried at their 
ends by cast-iron rollers 6 inches diameter, running on rails. 
The troughs are supported by cast-iron brackets carried by a 
small gantry of 6 by 4}-inch joists, the return rail being 
carried underneath by brackets from the gantry. The chain to 
be of links 12 inches centres and |-inch pins, all of manganese 
steeL 

The driving drums to be cast-iron, of hexagon pattern, and 
securely keyed to a 4-inch diameter shaft, driven by gear 
wheels 4 to 1. The trailing drums to be keyed to 3}-inch 
shaft, carried in tension frames of suitable design for tightening 
the belts. 

Conveyor B. — This is a cross conveyor from end of A to 
deliver on to C. 

The trough is the same as conveyor A, and the scrapers, 
roller and manganese steel links are of the same diameter as 
for A. The drums are 14-feet centres, and are carried by 
special brackets to suit the inclination of 45^ 

Conveyor (on south side). — This conveyor is 248 feet 
long, and in addition to receiving the coke from its own bed 
of retorts it receives, at about its middle, the coke from con- 
veyor A through the cross conveyor B. 

The cast-iron trough in this case is 2 feet wide at the bottom. 
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The scrapers are of i-inch mild steel plate, and carried by 
frames on rollers similarly to conveyor A. 

The chain is of manganese steel links and pins. The driv- 
ing shaft of this conveyor is 5 inches diameter. 

Shoots. — Shoots of suitable dimensions, and constructed of 
mild steel plates, are to be provided to conduct the coke from 
A to B, and from the end of C into boot of elevator. 

Elevator. — This is to be of the scraper type, and the 
troughs, scrapers, chains and rollers to be in all respects similar 
to conveyor A, except that troughs to be 2 ft. 3 in. wide at 
base, and the centres of drums to be 66 feet. The height 
above yard level at end of hot coke conveyor is 9 ft 6 in., and 
at top of elevator 45 feet. The elevator of SS"" to be carried 
on a steel framework or girder, supported at the ends, and in 
the centre by a steel braced column. 

Deflecting shoot — The elevator delivers into a shoot, of 
which the spout is pivoted so as to deliver into the screens or 
on to the conveyor D as required. The shoot is constructed of 
mild steel plates and angles, and is operated by a chain and 
lever. 

Conveyor D. — ^The troughs for this conveyor are 2 feet wide 
at the bottom, and the scrapers, driving gear and links are' 
practically similar to conveyor C, the centres of drums being 
in this case 48 feet The conveyor is carried by a substantial 
steel lattice girder, 3 ft. 6 in. deep, at an elevation sufficient to 
allow the radial arm to describe a complete circle. A footway 
of planks is carried by brackets from the girder. 

Eadial arm.— This conveyor, 50-feet centres, is similar in 
aU respects to conveyor D, except that the troughs have slidin<y 
doors at intervals in the bottom, in convenient positions for dis- 
tributing the coke. The conveyor is carried by a substantial 
lattice girder 3 ft 6 in. deep, one end of which is pivoted on 
the top of a central column, which also carries oflf conveyor D. 
The other (outer) end is carried by a carriage running on a cir- 
cular gantry 26 feet above yard level. A footway is provided 
as in conveyor D. The circular gantry consists of 12-inch by 
5-inch joists carried on cast-iron columns. 

Botary screen. — The screen for large coke is be 4 feet 
diameter by 8 feet long. The screen is carried on rollers 
grooved to suit the turned angle-iron rings of the screen, and 
those on one side being keyed to a through shaft driving the 

£ 
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screen by friction. The screen bars | inch diameter, set to the 
required pitch, are secured to the rings by clips, which allow of 
easy removal of any bars for repairs, &c. 

The No. 2 screen for small coke to be 3 feet diameter by 
16 feet long, to be in every way constructed similar to the 
larger one. 

Hoppers and Shoots. — The screened coke from No. 1 screen 
falls into a suitably shaped hopper (20 feet by 20 feet by 16 feet 
ss 6400 cubic feet) of mild steel plates and angles, and is 
delivered thereby into No. 2 rotary screen. Four hoppers 
(each 10 feet by 10 feet by 16 feet = 1600 cubic feet each) and 
shoots are fixed beoeath the No. 2 screen to convey the dust 
and breeze as required. 

Washing Boxes. — Two patent coke-washers, occupying to- 
gether in plan 9 feet by 6 feet, are fixed underneath the No. 2 
screen to separate the pure coke from the dirt. The latter is 
removed by a suitable elevator. The washed coke is delivered 
by shoots into the storage bunkers. 

Engine. — A horizontal engine 16 by 2i-inch cylinders, with 
fly-wheel, to be provided. 

The cost of this scheme is approximately 90 per cent, of 
the hydraulic cantilever crane, described in the former part of 
this paper. 

The points of similarity and dissimilarity may be noted, 
and the cost in interest on capital, wear and tear, and labour 
estimated relative to each individual case. 

It has been found impossible to make a comparison of the 
cost for an ideal combination of retort-house and coke yard 
for the different types of plant; but even if this had been 
done, the local conditions of each case would be the determining 
factor. 

The Author believes that the appliances now available 
should allow, in large works, of coke-handling being done for 
a labour charge not exceeding 2d. per ton of coal carbonised. 

In conclusion, the Author must express his indebtedness 
to many of his professional brethren for permission to inspect 
their works and for the information they have given him, and 
to makers of plant for the full particulars they have furnished 
of their respective systems. 
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APPENDIX A. 

Details of the plant in nse at Daweholm Gas-works are given 
in ' Engineering,' p. 231, of the 23rd Angnst, 1895. Some of these 
particnlars are taken from that source, and others have been supplied 
by Messrs. Sharp, Stewart and Co., Limited, the makers of suitable 
locomotives. 

Gauge of line 2 feet. 

Flat-bottomed rails 30 lbs. per yard, riveted to steel cross- 
sleepers. 

Weight of locomotive in working order 3 tons. 

Working pressure of steam 140 lbs. per square inch. 

Cylinders 6x9 inches. 

Four wheels coupled 1 ft. 8 in. diameter. 

Wheel base 2 ft 7 in. 

Overall length of engine 11 feet. 

Width over platform 3 it. 10]^ in. 

Height to top of chimney 5 feet. 

Approximate price in the year 1894, 400Z. 

Engine will haul 158 tons on level, or 7| tons on an incline 
linl6. 

Maximum incline worked 1 in 12. 

Minimum radius of curve on rails 20 feet. 

Bide-tipping trucks weigh 12^ cwt. ; length 5 fi 6 in. ; 4 ft 3 in. 
broad at top ; 2 feet deep ; carrying capacity, 6 cwt. of coke. 



APPENDIX B. 

1. Specification of Crane far Lifting Coke in Bucket 

holding Three Tone. 

Steam-driven jib crane, to lift and deposit 60 tons per hour, by 
hinged bottom skip or bucket. 

Movements. — Lifting and lowering, revolving, jib adjusting, 
bucket openiug and closing, all controlled from driver's platform. 

Engines.— Double cylinders 8 inches diameter, 12-inch stroke, 

E 2 
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fitted with link roTening gear. Working proflsnre of steam 100 lbs. 
per square inch, supplied by independent boilers. 

Lifting. — ^Bj single pnrohase, the barrel 18 indies diameter, 
grooved for f-ineb steel wire rope ; a powerful foot-brake provided, 
and pinion on engine shaft will slide in and ont of gear so that only 
the barrel reyolved when lowering. 

Backet Opening. — Gear will be worked by a separate barrel 
driven from the main barrel shaft by pitch chain and thrown into 
gear by means of sliding clutch, and controlled by a powerful foot- 
brake. 

Bevolying Gear. — Actuated by friction cones worked by hand* 
wheel and screw. 

Derrick Gear. — Worked by spur gearing and fitted with safety 
catch ; the rope will be 1 inch diameter, in five parts. 

Jib. — WiU be 74 feet long, of steel plates and angles throughout. 

2. Specifieation of Cantilever Crane actwUed hydraulieaUy, 

Total range of lifting machinery 55 feet, allowing the box to be 
lowered 10 feet below ground level. Number of operations per 
hour 20. 

Diameter of circle swept by cantilever 94 feet. 

Lifting speed 4^ feet per second. 

Turning speed 6 feet per second at end of cantilever. 

Travelling speed 5 feet per second. 

Movements. — Lifting and lowering, turning to either side, 
traversing between minimum rake 21 feet and maximum rake 
94 feet ; opening and closing the door at bottom of coke box ; each 
movement controlled by a valve actuated by the movement in one 
direction or the other of a lever in a cabin on the front of the pillar. 

High-pressure pumping engine of 20 actual horse-power, having 
two steam cylinders and two double-acting force pumps, occupying 
a floor space of 12 by 6 feet. 

Accumulator would occupy a space of 11 feet by 11 feet by 88 feet 
high. 
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APPENDIX 0. 

Tbnsilk Stbxhoth of Mallbablx Cast Iron akd Manganesx Steel 
Links as used in Conyetobs, Elevatobs» Dbiyino Chains, fto. 



1. 



Malleable Gut Iron. 



Ley's bashed chain, pattern No. 604 . 

600. 
6140. 
7140. 
1200 




Safe working 
Btndn per link. 



Ibf. 

8,000 
2,500 
5,000 

10,000 
5,000 

13.440 



Breaking strain approx. 10 times the safe working strain. 

2. 





ntrh 


Working 


Breaking 






■train. 


■train. 




Inchet. 


lbs. 


ionB. 


Hunt's patent chain links 


4 


2,100 


9-42 


„ ordinary patent chain links . . 


6 


2,500 


10-45 


» special „ „ .. .. 


6 


4,250 


18-65 


„ ordinary „ „ .... 


12 


4,000 


16-8 


West's special conyeyor chain 


12 


4,000 


16-8 



The metal of which these links aie composed will break at 8-7 to 8-97 tons 
per sq. inch of section nnder tensile stress. Tests made at the Whitworth 
Engineering Laboratory, Owens Ck)llege. 

3. Tests made for Mr. W. J. Jenkins, A.M. Inst. C.E. : — 

Ley's bnshed chain pattern No. 600, 6-inch pitch. Breaking 
stress per link, 11 '16 tons. 

Hadfield's manganese steel of equal sections, 6-inch pitch. Break- 
ing stress per link 28 tons. 

Both specimens sheared at the pins. 



4. Tests made by Mr. Thomas Nash, of the Sheffield Testing Co., 
upon links made of malleable cast iron, and similar links made 
of Hadfield's manganese cast steel. (See the Tables on the two 
following pages.) 
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APPENDIX D. 

A bottle of about 280 onbio inches capacity was taken and its 
weight noted ; call this weight A. The bottle was then filled with 
water ; this net weight is called B ; then filled with coke, and net 
weight called C ; then the interstices of the coke were filled with 
water, and this net weight noted as D, 

C 



The apparent specific gravity was taken as ^ 

x> 



c 



The real specific gravity was taken as = 7=; — 

x5 ^ ID — 



(D-C) 



8peoifio gravity of water 
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DISCUSSION. 



Mr. G. E. Stevenson (Manchester) : Mr. President, I have 
very great pleasure in responding to your invitation to speak 
on this question. Mr. Holgate's paper is certainly most 
thorough and complete, and embraces the whole subject of 
coke-conveying plant. He must have spent a considerable 
amount of labour in its compilation, and that we are much in- 
debted to him for giving us such a mass of information, which 
we could only have obtained with difficulty and a considerable 
amount of labour in any other form. The coke*conveying plant 
in use at the Gaythorne Works at Manchester is in connection 
with an installation of inclined retorts, and it was somewhat of 
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BQ experiment when we decided to hare it, because, as you 
are aware, up to that time there had not been any mechanical 
conveyor of coke applied to inclined retorts. I was somewhat 
doubtful whether we should not find a difficulty in dealing 
with a large quantity of coke falling out of an inclined retort 
at onee, the conditions being somewhat different to those of 
horizontal retorts, where a small portion of coke only is drawn 
at a tima But no difficulties have been experienced with that 
matter at all. The coke conveyor is of such ample capacity 
for the coke it has to take away, that there is no crowding 
or overloading, or congestion, and, mechanically, the conveyor 
works exceedingly well. The trough conveyor, I consider a 
very great success, and there has been nothing in the way of 
weakness or defect about it from the beginning to the end. 
The other portions of the arrangement, especially that portion 
known as the " plate " conveyor, which conveys the coke over- 
head to the coke heap has, perhaps, not been so satisfactory 
from all points of view, and I am not inclined in the future to 
have anything to do with plate conveyors, if they can possibly 
be done ivithout. The drag conveyor is, I think, far the better 
thing ; there is not the slightest fear of the coke being broken 
up by being dragged along in front of the retort bench. The 
coke falls out of the inclined retort all at once, if it is properly 
carbonised in properly heated retorts. It assumes the form of 
an oblong heap in the trough, covering the chains and the 
links and everything, and travelling along in that form with- 
out being in the least disturbed or losing its form until it 
comes to the shoot falling into the elevator. The elevator is 
like other elevators, except that the buckets are placed very 
close together, so close that no coke can fall between them, and 
the shoot which directs the coke into the elevator is so con- 
structed that its mouth is exactly over the bucket as it comes 
up, and the mouth being the same size as the bucket itself 
nothing drops into the pit below. So, mechanically, we may say 
the thing is a success. As to the shaking screen, that is also 
a success and very useful. The sole purpose for which it was 
placed there was to take out the dust and small stuff. It was 
not intended at all to sort the coke. With regard to the saving 
effected by conveyors, I was particularly struck by the statement 
in Mr. Holgate's paper that the cost of labour in hauling coke was 
as much as 4'3e{. per ton. I am afraid in those cases there has 
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been yery little saying effected at all, because there is no diffi- 
culty in wheeling coke from the retort house and depositing it 
in the yard at something like that cost. We find in our case 
at Manchester, we save roughly something like 4§d. by doing 
away with the coke wheelers. Twelve wheelers have been 
dispensed with by the machinery, and in their place there is 
one man to attend to it. . As regards capital cost our iustallation 
at Gaythorne came to 2440Z., everything included, and that 
works out in this way, at a cost of IIZ. 5«. 9d. per double mouth- 
piece of a retort bench ; but naturally, that rate of cost would 
be diminished if there was a longer line of retorts, because the 
outside portion would be the same, whatever the length of the 
retorts, it would only mean a longer trough, so I think the 
estimate I gave last year in my presidential address may be 
taken as fairly accurate, viz. about 102. per mouthpiece. The 
wages saved are 111. 108. per week on 900 tons of coal, making, 
as I have already said, a saving of 4§(2. per ton. That in a year 
would be equal to about 5002., at 200 days' working, so the 
saving in wages would be equal to about 20 per cent, on the 
capital cost of the plant. 

Mr. FouLis (Glasgow) : What is the wear and tear ? 

Mr. Steyensok : It is not possible to say anything definite 
about that at present, because the machinery has been at work 
so short a time, only three months at the most ; but from what 
I can see I do not think it will be excessive. There have been 
no breakdowns, with the exception of a link of a driving chain 
having given way once or twice ; and I do not think the wear 
and tear in the trough can be rapid. The trough has already 
become smooth through the scraping of the coke, and as it 
becomes smooth the friction decreases. Mr. Woodward's scheme, 
to which reference has been made in the paper, is for a circular 
gantry with a crane going round attached to a centre-pin. That 
is going to be put up at the Bradford Road Works. It is a yery 
simple method of stacking coke, but the coke has to be brought 
to it first of all before it can be dealt with by the crane. I do 
not myself expect any great saving in labour from that arrange- 
ment ; but I think it will prevent the crushing of the coke, and 
its deterioration and disintegration to such a great extent as 
takes place at the present time, when we are bringing the coke 
up the heap on rails, which is very destructive. 

Mr. £. A. Habman (Huddersfield) : May I enquire what is the 



C0EE-HA3!rDLING PLANT. 75 

quantity of coal carbonised per annum at the Gaytbome Works. 
Mr. Stevenson bas given us some useful figures as to the work 
there, but the quantity of coal carbonised is omitted. I notice 
on page 45 Mr. Holgate says, " Pan or plate conveyors, however 
suitable for dealing with coal, are not so for hot coke." That is, 
in my judgment, a debateable point. Having used one of these 
pan conveyors for a considerable time without difficulty of any 
kind, I am prepared to question the correctness of that state- 
ment. My own opinion is that pan conveyors made of suitable 
metal are quite as available for dealing with hot coke as for 
dealing with coal. 

Mr. Stevenson: Nine hundred tons per week is the 
quantity of coal carbonised in this installation at the Gay- 
thorne Works. That is not the whole of the work done at 
Gaythome, but the whole of the work done with the conveyor 
and inclined retorts. 

Mr. P. H. Fletcheb (Evesham) : I should like to ask Mr. 
Holgate which form of conveyor brings the most useful coke 
into the yard — that is, the cbnveyor which carries the coke, or 
that which drags it along. I should imagine that the conveyor 
which drags the coke reduces it to a much smaller state than 
that which carries it 

Mr. T. Glover (West Bromwich) : I have been following 
this question for some time with great interest, and at the 
present time my committee have under consideration the ques- 
tion of putting in an installation of machinery for the purpose 
of hauling and storing coke. When I took charge of the West 
Bromwich works, the coke was drawn on to the floor, and 
wheeled into the yard in wooden barrows. According to the 
standard rate of wages in South Staffordshire, the cost of doing 
that was 8^i. per ton, and loading into the boats cost 4^ci. per 
ton, so that the total labour charges of removing the coke 
amounted to Is. O^d. per ton of coke. A short time ago we 
introduced steel barrows of a special design, and that brought 
down the cost of removing and loading to lid. per ton. We 
are not content with this figure. We still believe that the 
labour charges in handling the coke are far too high, and we 
are at present considering the installation of a conveyor of the 
best type we can find. Working out the cost on an assumed 
capital charge of 2^(2. per tou of coke, the labour charges at 2id., 
and the power for driving at l|c2., the saving would come to 
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b^d. per ton, and on an annual production of 15,000 tons of 
coke the saying would be 323Z. Those figures will sliow that 
the matter is well worth the consideration of all who have got 
works carbonising, say, from 20,000 to 80,000 tons of coal per 
annum. There is no question that the cost of handling coke in 
a gas-works is much too high, and that we are now on the way, 
by means of stacking machinery and conyeyors, of reducing it 
to a much more moderate figure. 

Mr. J. West (Manchester) : I did not intend to say any- 
thing on coke conyeying, but I am sure we must all be pleased 
that Mr. Holgate has laid such a mass of matter before us. He 
has gone into the matter most thoroughly. I, for one, haye 
been acquainted with the adyantages of machinery and mechani- 
cal conyeyors for a yery long time ; and speaking on the prin- 
ciple generally (because it would hardly do for me to select any 
special plant), I think I may say that we are all agreed that 
the adoption of mechanical conyeyors for coke and coal is a yery 
important matter. I could giye a number of facts and figures 
to show that the saying at yarious works has come out at con- 
siderably more than was anticipated, especially when the con- 
yeyors were adopted on a large scale. Mr. Holgate has put it 
yery fairly, and there is no doubt that, in comparison with other 
schemes, the conyeyor scheme is the most economical, and will 
prove itself to be one which will eyentually be generally adopted. 
I should like to say one word as to the conveyor at Gaythorne 
Gas Works, Manchester. My firm had the opportunity of 
doing something special there for Mr. Steyenson, and I can 
assure you that the result has come out beyond our most san- 
guine expectations. The whole plant works smoothly and 
nicely. I think a question was put by Mr. Foulis as to the 
wear and tear. There is no doubt that is a yery important factor. 
For many years we straggled against this question of wear and 
tear in coke conyeying. We found coke conyeying was a yery 
different thing &om coal conyeying as regards the wear and tear 
of the mechanism. Many minds haye been brought to bear on 
this, and speaking generally the makers haye met that difficulty, 
and the wear and tear is reduced yery considerably by the adoption 
of proper materials applied in a proper manner. It will never 
come so low as coal conyeying, because coal sometimes assists 
in lubricating the parts, whereas coke acts like emery on the 
walls of the conveyor. Speaking generally of coke conyeying. 
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I sbould say it is worthy of every gas engineer's consideration, 
and the sooner he adopts it^ the sooner will he find the cost of 
manipulating coke in a gas-works redaced. 

Mr. S. Gloveb (St Helen's) : I think there is one point 
aboat coke conveying that has been missed. Not only is it 
important, in reducing the cost of handling tlie coke, but it 
becomes absolutely necessary to have some means of removing 
the coke quickly from inclined retorts. How the coke from 
these retorts is going to be removed as quickly as it can be 
discharged without some form of conveyor I do not know. I 
cannot see how it could be done by barrows ; therefore it be- 
comes almost necessary to have some form of conveyor. I 
should like to ask Mr. Holgate whether he had an opportunity 
of seeing the De Brouwer conveyor at work when the Institution 
visited the Continent, but it seems to me very imlikely that a 
round crossbar, acting with two side chains, would have sufficient 
grip on the coke to push it along such an incline as that shown 
on the diagrams. Perhaps the President will give us his expe- 
rience on that matter. Mr. West, speaking of the simplicity of 
the conveyor adopted at Manchester, failed to mention one im- 
portant feature of it, in addition to the &ct that it does not 
show much wear and tear, viz. that the part which is most sus- 
ceptible to wear and tear is the most susceptible to renewal. 
Though the diagrams showing the Manchester conveyor do not 
show any elevating of the coke, yet I am convinced that if the 
conveyor with a crossbar will convey coke at an angle, this one 
will convey it more perfectly. Having seen the conveyor in 
operation, I am convinced that coke conveying is much more 
possible than it has ever been before, and without that destruc- 
tion of the coke of which there is a fear in the minds of some 
Members. GThe uneven shape of the pieces of coke assist the 
mass to travel without any rolling motion, whereas one would 
have expected that the pieces of coke would have become like 
pebbles. Not only is the coke pushed along, but with it the 
fine dust from the floor, and also the water in front, doing 
the work of slacking the coke. With regard to Mr. Holgate's 
remarks as to coke washing, I think he has failed to make his 
paper perfectly complete, by not describing the coke handling 
plant in operation at the works of the Corporation of Nottingham, 
under the charge of Mr. Chester, where coke-handling plant has 
been in thorough and efficient work for some years, dealing 
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with coke of different sizes and washing, and preparing it for 
the market. There is one remark in Mr. Holgate's paper, on 
page 53, dealing with the analysis of coke from retorts charged 
by West's manual machine ; but the analysis depends entirely 
upon the quality of the coal and its different properties. There- 
fore it is of very little value except for one particular form of 
coal which he might have been using at the time. 

Mr. B. W. Smith (Smethwick) : It was rather in view of the 
great demand made during the last winter for an increase of 
wages that my Committee decided to put in a coke-handling 
plant. This plant has not been fixed at present, but I anticipate 
that we shall save from 5^. to 6d, per ton in handling coke 
into boats or into the stacking ground. The remarks which 
have been made I can fully agree with, also that it becomes day 
by day more important, for both large and small works, to put 
down coke-handling plant to save the expense, besides the great 
worry and anxiety in the winter of dealing with the coke, and 
contending with the strikes and irregularities of the men. I 
do not think there is anything which gives so much trouble 
in the winter as dealing with coke by the coke barrows. 

Mr. C. E. BoTLET (Hastings) : I have been looking into 
the question very much with a view of devising some means 
for coke conveying, but at present I have not come to a con- 
clusion as to whether in the new works we are about to build 
some system of taking the coke from the vaults by means of 
wire haulage would not be more economical than putting up 
conveyors. The difficulty I am in is that of a good many other 
gentlemen, viz. one of wear and tear. The information given 
to-day seems to show that this has been overcome to a great 
extent, and, if that is so, it will probably lead to an extension 
of the system of conveying coke in a similar manner to that in 
which coal has been conveyed. 

The President : Personally, I have not hitherto been in 
favour of mechanical coke-conveyors, because I think that the 
wear and tear, in spite of all we have heard to the contrary, 
must be very heavy. The reason for that wear and tear is the 
quencliing of the coke on the conveyor itself. It does not 
matter how simply or how well the conveyor is made : but if 
you allow it to get hot from any degree of heat up to red heat 
and then put water on it for quenching purposes you must ruin 
the conveyor. The life of a conveyor therefore depends 
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entirely on the way the coke is quenched. During the past 
five years I have seen many conveyors of every description, and 
the only one which, in my opinion, fulfils all we require is the 
De Brouwer conveyor. The conveyor works in water ; and it 
seems to be a sine qua non that the coke has to be quenched as 
soon as ever it touches the fabric of the conveyor. There is, 
however, a drawback to that, because it involves quenching in 
the retort house under the noses of the men. Our men in 
Denmark are not generally very particular, but they object 
very strongly to have the coal quenched under their noses. 
They said they were being choked and stifled, and demanded, 
in consequence, more wages. I think, in using a coke conveyor, 
you should make every possible endeavour to quench the coke 
outside the building, but then you get the conveyor very hot, 
so you are labouring under two difiSculties; either you have 
to quench the coke as it goes on to the conveyor and so choke 
the men, or to quench the coke outside the retort house and 
spoil the conveyor. I tried, in designing the Fredericksburg 
Works, to do away with the use of the coke conveyor by a 
system of wagons, made on the American Hunt principle, to 
open and discharge their loads. These wagons were made of 
strips of steel ; they were filled, lifted by a hydraulic lift and 
allowed to run along the railway to the end of the retort-house. 
But so great was the heat that the wagons became almost red- 
hot, and when we sought to apply the quenching process, twisted 
and warped in every possible direction ; and for every man 
whose labour we saved in the retort-house we had two smiths 
at work outside repairing damages. Then we had the wagons 
on a switchback railway ; but in working out the incline we 
had underestimated the wind force, which, when behind the 
trucks speeded them beyond control, so that every morning the 
manager had a truck either in his conservatory or in his fowl- 
house. In fact, he became so accustomed to it that it did not 
even waken him. In this case I do record a failure ; and I 
wish many members would tell us of these failures, because we 
learn more than we do of success from them. I am now building 
in Copenhagen a large retort-house, which is to be fitted with 
a De Brouwer conveyor, and I hope to solve the question 
whether that conveyor can deal with inclined retort& If you 
come over to Copenhagen in the Autumn, I hope to be able 
to show you a very fine house fitted with such a conveyor at 
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work. Personally, I have to thank Mr. Holgate for very much 
that is given in his paper. In many cases, papers of this 
description partake of the nature of a specification, but, 
although they may not be palatable reading, yet they will 
form a very valuable guide when we go home and are called 
upon to construct coke conveyors ourselves. 

Mr. T. HoLOATE (Halifax) : Mr. President and gentlemen, 
I find some little difficulty in replying to a few of the remarks 
in the discussion, because the figures given by the speakers 
as to cost in some cases refer to the cost per ton of coal car- 
bonised, whereas, in other cases they appear to refer to cost 
per ton of coke handled. Taking first the cost at the Gaythome 
Works at Manchester. Mr. Stevenson tells us 900 tons of coal 
were carbonised in a week, and the saving due to the coke 
conveyor, elevator, &c., was 17Z. 10s. 

Mr. Stevenson: I said we saved 17Z. 10a. 

Mr. HoLQATE : I understand the explanation of the saving 
was ni. lOs., which works out at 4§ of a penny per ton of 
coal carbonised, as compared with the cost of hand labour. 
I should expect the saving to be greater at Gaythome Works 
than with a rope-haulage arrangement, and I pointed that out 
in my paper. If Mr. Harman could have given us some idea 
of the details of the hot-coke pan conveyor which had answered 
satisfactorily, it would, I think, have added to the value of his 
remarks. In my enquiries I have watched these heated con- 
veyors at work, and I have come to the conclusion that the 
amount of wear and tear which comes on that form of conveyor 
is very serious. With reference to the remarks of Mr. Glover, 
of St. Helen's, as to the information given in the paper respecting 
the proportion of coke of various sizes, I have to say, although 
the information may not perhaps be very valuable to him, it 
has been serviceable to ourselves, and perhaps a plain statement 
of an actual fact may have some merit in it The President 
has given us a good lesson this morning upon the advantages 
of scientific enquiry, and Professor Clerk-Maxwell when asked 
to define what scientific research was, said it could be summar- 
ised in the word ** measurement " — that word being taken to be 
a definite statement of some fact I think that plain statement, 
with reference to the screen, will have some value. Mr. Glover 
also expressed his dissatisfaction that no reference was made to 
the work done at Nottingham. I understand that Mr. Chester 



OOKE-HANDLma PLANT. 81 

is preparing a paper on the ooke-handling plant at Nottingham 
(expected to be read next month), in which he will deal with 
what has been done there. With reference to the ability of 
the De Brouwer conveyor to lift coke at an angle of 30°, I can 
only say I have had no actual experience ; I have not seen it 
done. At the Hague Works the conveyor was simply moving 
the coke along a level surface ; but I am told by those who have 
gone into the matter carefully that an angle of 30^ can easily 
be surmounted by this form of conveyor. If difficulty existed, 
there is no reason why the crossbar should not be changed for 
some form of scraper, which would enable the coke to be taken 
tip at the angle of 30^, or at one still more steep. I omitted to 
state that there is in the room an illustration of a coke-conveying 
plant in use at the Wellingborough Works. Mr. Lewis, the 
engineer of those works is present, and I mention it as an 
instance of a coke-conveying plant for a small gas-works. We 
all appreciated the remarks of the President, but it has occurred 
to me that perhaps the quenching of the coke in the retort- 
house may not be such a very serious difficulty. We have been 
accustomed to it in England in the case of ordinary working of 
the retort-house, and in the case of conveyors I do not think 
any very serious difficulty will arise in handling the coke in the 
house. 

The President : May I mention that the De Brouwer con- 
veyor will take the coke up at 30'', and does so at many works, 
and at Copenhagen we are thinking of making the conveyors 
take the coke up at almost 40^ I do not think that the sub- 
stitution of a scraper would substantially help the conveyor ; the^ 
efficiency and simplicity of the apparatus are such, that the bar 
does the work of a scraper with far less wear and tear ; but the 
amount of wear and tear can only be determined by years of 
experience. 
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NOTES ON 
MODERN SYSTEMS OF RETORT HEATING. 

By G. P. LEWIS. 

The several advantages claimed for the use of gaseous fuel in 
retort settings are now almost universally conceded, and indeed, 
its employment is absolutely essential to the success of the 
** inclined '' system. It would therefore be only a waste of time 
fo reiterate the many arguments adduced in support of its value 
for such a purpose. 

There is, however, still considemble divergence of opinion 
in regard to the value of recuperation, the use of steam under 
generators, fto. The Author has therefore limited this com- 
munioation to the consideration of such points as form the 
subject of debate at the present time, with the hope that the 
suggestions set forth will lead to a useful discussion. 

Recufebatobs. 

CflamJiccUion. — For convenience of comparison, recuperators 
may be grouped into three classes, according to the degree of 
recuperation attempted. 
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The majority of the recuperative settings constructed in 
this country belong to Glass I., while on the Continent, those 
possessing the characteristics of Glass 11. are much more 
common. A considerable increase of economy is claimed for 
the latter class, as evidenced by the comparative data given in 
the annexed table, which has been calculated from particulars 
supplied by a leading Continental constructor. 

The practical application of the recuperation of carbon is 
at present only in the embryo stage, but those who have made 
trials of the system under working conditions claim to have 
achieved complete success. There is no advantage whatever, 
from a theoretical point of view, in the recuperation of carbon 
from the carbonic acid in the ** waste gases," but it has been 
found in practice that the redistributive effect on the several 
heat zones is conducive to economy in working. The success 
of the system depends on the well-known principle, that the 
value of any particular method of *' setting " or working hangs 
more upon the etocesa offiue temperature over that in the reiorts, 
rather than upon the total quantity of heat available ; and also 
partly to reduced chimney losses. The method of its appli- 
cation to retort heating is illustrated by Figs. 7 and 8. About 
20 per cent, of the ** waste gases " are returned under the pro- 
ducer, and passed through the incandescent fuel, the result of 
which is the reduction of the bulk of the COa to CO. This 
absorbs a considerable amount of heat in the producer, but on 
the other hand, the gases are drawn in hot, and contain heat 
about equal to that lost by absorption. The use of steam is 
absolutely essential, otherwise a very high temperature is en- 
gendered above the grate bars. 

The system has been applied by Mr. W. J. Jenkins, of 
Betford, and others, but, as far as the Author is aware, has been 
limited to combination with ''simple" recuperation, although 
the data available appear to indicate the possibility of greater 
economy by heating the primary air supply also. The success 
that has hitherto attended the several trials appears to warrant 
experiments, on a more extended scale, at the hands of those 
in a position to make them. 

It must be borne in mind, however, that, although settings 
constructed on the systems elassed 11. and III. show considerable 
economy in fuel account, they are not necessarily the most 
economical from a universal point of view. With '' double ** 

F 2 
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and ^ carbon " recuperation, considerable extra expense and com- 
plication is inYolyed in constructiony together with a necessity 
for greater care in working. 

Efficiency, — ^The arrangements of flues in use at the present 
time for the purposes of recuperation are many and varied; 
some possessing great merits, by reason of their combination 
of simplicity of construction with a high degree of efiSciency, 
while others exhibit a total lack of knowledge (on the part of 
the designer) of the essence of the recuperative principle, 

Tablb bhowinq Intlttenob ot Looation on thb 
BmcfncKOT or Bbouteratobs.* 
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The efficiency of recuperators is not only materially in- 
fluenced by the eharaeter and eoriefU of the passages for the 
transmission of heat to the incoming air supplies, but also by 
their location in regard to the producers. In fact, in certain 
forms, the degree of " true " recuperative efficiency attainable 
is entirely governed by the situation of the flues in relation to 
the sides of the generator, 

* The minimum values of efficiency nven are for settings of retorts 10 feet 
long : also for beds of 20 feet **^ throughs,*^ with producers on each side. 

The maximum values may be taken for 20 feet ** throughs," with producers 
on one side only. 
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' Injluenee o/LoccUiofk — The estimation of the real influence 
of lo&oUion on the trae recuperative efficiency, is a somewhat 
difficult and tedious operation, involving the classification of 
a mass of data based on observed results. These data should 
not be confined to figures deduced from any one particular form 
of recuperator, but ought to be fairly representative of that 
obtained from all the various types, and systems in use ; and 
in addition, take account of the varying thicknesses of division 
walls between the gas and air flues. The Author has, therefore, 
compiled the above table, with the hope that it may be 
of service, not only as an illustration of the importance of 
giving due consideration to the question, but also as a handy 
form of reference for those who may be desirous of estimating 
the degree of economy likely to be attained by the use of any 
particular arfangement of recuperative flues. The above table 
Las been calculated from figures chiefly obtained from French 
and German sources, and is appr<mmatdy correct under average 
conditions. 

Some of the figures given in the table may at first sight 
appear to be rather strained, but a reference to the conditions 
illustrated on the accompanying diagrams will tend to substan- 
tiate their correctness. Taking the type delineated on Fig. 5 
by way of an example, it will be observed that in this case 
the air flue is sandwiched between the side of the producer 
and the waste gas flue; and proceeding on the assumption 
that the temperature in the respective flues at the level A A 
is as foUowt 



WaiteGMM. 



80(P 



Seooodaiy Air. 



200<> 



Prodnosr. 



8000<> 
and upwards 



From this it will be seen that the excess of temperature in 
the producer, over that in the air flue, is 2800° F., while that 
of the waste gases is only 600° F., or less than one-fourth of the 
former. Supposing also that the thickness of the producer wall 
is equal to that of the division tile between the gas and air 
flues, then the amount of heat abstracted from the producer 
would be at least four times that from the waste gases in the 
particular line of flue in question. In practice, however, the 
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thickDess of the generator walls is at the very least one-and- 
a-half, and in general four times, that of the flue division tiles, 
while the area of contact, between the producer and recuperator, 
only occupies a portion of the surface of the latter. The tem- 
peratures in the upper portions also practically balance one 
another ; and taken as a whole, more heat is found to bo ab- 
stracted from the waste gases than from the producer, in this 
particular type of recuperator. 

The lowest type, from the *^true recuperative" point of 
view, is that illustrated by Fig. 6, which abstracts the whole 
of the heat imparted to ike secondary air from the producer 
and body of the setting ; it has no real recuperative action 
whatever, and owes the small figure of percentage efficiency 
given in the table to slight reduction in losses, due to radia- 
tion from producer. Some engineers advocate tlie abstraction 
of heat from the producer in this way, with the idea of moderat- 
ing the temperatures therein, and adduce arguments in favour 
of such a course ; but at the same time very properly disclaim 
any attempt at recuperation. In a particular case brought 
under the Author's observation, the whole quantity of heat in 
the secondary air at the summit of a similar recuperator was 
credited as economy due to *' regeneration," which was, of 
course, quite incorrect. The mere fact of air being ** heated 
up" is not of itself any proof whatever of recuperation, but 
it is nevertheless a fruitful source of error in the estimation of 
economy. 

The use of steam under producers introduces a very dis- 
turbing factor in attempts to calculate the efficiency of any 
particular form of recuperator, as the work thrown upon them 
is much increased, on account of the additional quantity of 
secondary air required to be passed through, and proper allow- 
ance must be made for this, if even approximately correct data 
only are required. 

Area of Bsewperative SwfoGe, — ^Reliable figures in regard 
to the extent and character of recuperative surface necessary 
for the transmission of a certain quantity of heat, at specified 
differences of temperature, are very difficult to obtain, owing 
to the disturbing influences mentioned in the preceding section. 
The Author, however, has been fortunate enough to be furnished 
with the particulars of the working of two forms of recuperators, 
hereafter referred to by the letters A and B respectively. 
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Becuperator A was formed of specially moulded blocks^ 
with passages for air aud gases passing through them, while 
B consiflted of channels formed of plain diyisional tiles, about 
2 inches thick. The results of the two trials are given below, 
and are most useful in proving that efficient recuperation may 
be attained by very simple means, and that the recuperator A 
contained at least double the surface necessary for the abstrac- 
tion of heat from the waste gases. 




Are* of noapeiative snrfaoe in aqaaie feet per lb. o(\ 
ooke oonsamed in generator per hour / 

DifTersnce between mean tempemtines of air and"^ 



Heat unitB given np per eqnaie foot per bonr 

Heat nnits given np per square foot for eaeh degree j 
of diiferenoe in mean temperature / 



2*62 

840 
1*85 



The main element of success in modem systems of car- 
bonising lies in the practical construction of the setting. This 
phase of the subject has already been fully dealt with on 
previous occasions, and therefore it is not considered advisable 
to lengthen this communication by entering into details under 
this head, other than to express a preference for the simplest 
styles of construction, such as that indicated on Figs. 2 and 3. 
Settings construf'ted on either of the two systems shown can 
be constructed at a low capital cost, and are very efficient as 
recuperators. They also lend themselves excellently well to 
arrangements of flues which are readily accessible for cleaning 
and repair. 

Use of Steam in Fboduoeb Fubnages.* 

The advisability of admitting steam under producers is also 
open to dispute, and, in general, it is much more sparingly 
used in generators for retort heating, than in similar furnaces 
employed for metallurgical and manufacturing purposes. 

The Author having recently had occasion to investigate the 

* In the case of produoers with wet aah-pans, the quantities of steam men- 
tioned include that produoed hy evaporation from the water in the pan, in 
addition to the external supply. 
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question, made a series of inquiries in several directions, with a 
yiew of ascertaining the quantity of water vapour passed through 
the fuel by various engineers ; but as the external supply is 
usually obtained from a boiler or boilers generating steam for 
the whole purpc>ses of the works, the exact weight admitted to 
the furnaces was not generally readily ascertainable, in every 
instance. Fortunately, however, in a few cases special methods 
were employed for producing steam, and measuring the 
quantity of water evaporated, and consequently the data so 
obtained could not fail to be reliable. The several figures, 
when first contrasted, appeared to be incompatible one with 
the other, but a closer investigation dispelled this view, and 
indicated the factors governing success, under the conditions 
prevailing in each individual case. 

Actum of Steam. — ^Tbe introduction of steam tends in all cases 
to reduce the temperatures of producers, but not necessarily the 
formation of clinker. In proof of this, it may be mentioned 
that in one particular case in practice (worked on a simple 
recuperative system), the injection of 20 per cent of steam 
raised the zone of maximum temperature about one foot higher 
in the furnace, and created an arch of clinker about 12 inches 
above the grate bars, which was much more troublesome than if 
formed in the ordinary way. On increasing the proportion 
employed to about 33 per cent., it was observed that the zone 
of maximum temperature was raised still higher, but reduced in 
intensity, and was then below that necessary for the fusion of 
the components of clinker. It was also discovered that reducing 
the whole supply of steam to well below the figure of 20 per 
cent, quoted, had a beneficial effect in preventing the formation 
of an arch of clinker, but did not get rid of the trouble of 
clinkering altogether, as was the case with the admission of 
33 per cent. The results obtained in the particular case under 
review, therefore, appear to point to the inadvisability of 
following a medium course, and indicate the importance of 
avoiding the use of certain proportions. The question of the 
best percentages to employ is rather a difiBoult one, under the 
varying conditions of working, and will be the more readily 
appreciated, when it is stated that the data in the Author's 
possession range from 20 to 77 lbs. of steam per 100 lbs. of 
coke consumed in generators, and that these widely diverging 
figures were appropriate to the circumstances in which they 
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were severally employed. With cold primary air, it seems to 
be advisable to either limit the steam supply to, say, 10 per 
cent., or increase it to at least 30 per cent If the primary air 
is heated, the steam supply must be increased in proportion, 
approximately as given in table below. 

Tablb of Stsau Supply to Pboduoebs. 

Peroenl. 



Primary air, cold S3 

„ heated to 400^ F. 44 

„ „ 80(P J 60 

„ „ 1100^ J 72 

Chemiedl and Thermal Changes. — ^The reactions which take 
place in a producer worked without steam are well known to 
be exceedingly simple in character; but this is not by any 
means the case when steam is admitted, as then not only is 
there an increased variety of primary combinations, but in 
addition further complex interactions are also produced ; and 
again, the balance of changes so produced is practically re- 
versible, according to the influence of varying temperatures, and 
quantities of water vapour injected. 

As an illustration of the possibility of such reversals being 
brought about, under the conditions existing in generators, 
reference need only be made to variations in the reactions 
between incandescent carbon and water vapour. At tempera- 
tures of 1800° F. and upwards, the reaction between carbon 
and water vapour is practically C+H2O8SGO+H2; but should 
the intensity fall below the limit given above, and undecom- 
posed steam be also present in excess, carbonic acid is produced, 
in accordance with the following equations : 

C+ 2HaO = CO+HaO+Ha= C0a+H4, 

in increasing proportions as the temperature is reduced. 

Other important chemical changes are also illustrated on 
Fig. 11. 

There is also a considerable difference in the respective 
depths at which GO2 commences to be reduced, between 
generators worked with, and without steam. In the former 
class, cases are known in which the carbonic acid has. not been 
reduced at a height of 3 feet above the grate bars ; while in 
the latter, a large percentage of carbonic oxide has been found 
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in some cases at 12 inches np in the prodacer. It is^ therefore, 
very necessary to have a deep fuel bed where steam is generously 
used. 

The chemical efficiency of generators is sh'ghtly reduced by 
the use of cold coke, which, as is well known, contains a con- 
siderable quantity of water. When the coke is thrown in upon 
the top of the incandescent fuel, the moisture present in it is 
driven off into the crown of the furnace, as undeeomposed water 
vapour, wliich reacts upon the carbonic oxide in the producer 
gases, in accordance with the following equation : 

00 + HaO^= 00a + Ha, 

and may also possibly vitiate any analyses of the gases which 
might be taken near the time of charging. 

The dissociation of steam in passing through the incandes- 
cent fuel in the producer absorbs, or renders latent, a lai^ 
quantity of heat, and therefore exercises a most beneficial 
action in moderating excessive temperatures. It is almost 
needless to add, that the exact quantity of heat absorbed in 
decomposing water in the producer is reproduced by combus- 
tion in the setting. The temperatures available for heating 
the retorts should therefore be theoretically constant, whether 
steam is employed or otherwise. It has, however, been found 
in practice, that the combustion of the hydrogen (produced by 
dissociation of water vapour) is much quicker than that of 
carbonic oxide, and therefore produces a zone of relatively 
higher intensity, within certain distances of the gas and air 
nostrils. 

It must be borne in mind, however, that a portion of the 
heat produced by the combustion of hydrogen is rendered 
latent, and must be discarded in calculations bearing upon the 
total quantity of caloric available for carbonising; the total 
quantity of sensible heat units yielded per pound of hydrogen 
eonsumed being only 52,000, as against 61,500 when resulting 
gases are cooled down to such an extent that water vapour is 
condensed to the liquid form. 

Ckmstruction of Settings. — Success in the use of steam is 
also partly dependent upon the construction of the settings. 
If steam is largely employed where the combustion space is 
constricted, as shown on Fig. 10, much trouble is caused by 
the fusion of the retorts and division waUs, owing to the very 
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high local temperatnres engendered. The best remedy for the 
latter trouble seems to be in the use of a roomy combustion 
space, so that the fall energy of the combustion may be utilised, 
without any drawbacks. The provision of such a space, as 
opposed to that of an enclosed combustion chamber (irrespec- 
tive of the use of steam or otherwise) has been proved, in 
practice, to possess great and undeniable advantages, not only 
in mitigation of cutting heats on the retorts, but also in the 
facility it gives for access to every part of the interior of the 
setting for the purposes of repairs. 

Variaiiona in Air Suppltf. — The respective quantities of 
primary and secondary air required are governed by the 
quantity of steam injected ; the former being decreased pro rata 
with the weight of water vapour admitted, while the latter is 
correspondingly increased, the total combined weight being 
theoretically constant. 

The admission of steam, therefore, incidentally affects the 
work thrown upon the recuperators, as illustrated by the 
following table, calculated under three suppositional conditions. 

Without 83 per cent. 11 per <»at 
Stoam. Staun. Steam. 

Primary air per lb. of oakeooDsomed.. •• 5*5 8*5 2*56 

SeooQdary „ „ .. .. 4*5 6*5 7*44 

10*0 10*0 10*0 
Relative work thrown on yeoaperatorB •• 1*0 1*44 1*64 

The Author ventures to think that, on the whole, the gene- 
rous use of steam is an advantage, principally on account of 
the possibility of the reduction of some of the arduous work 
of clinkering. This statement, however, only extends to its 
use in setting where the combustion spae^ is ample. 

Analysing Waste Oases, — The methods in general use for 
analysing waste gases are subject to considerable error when 
applied to gases containing a large percentage of water vapour, 
such as is produced by the free use of steam under producers. 
This water vapour, in most cases, is partly condensed out before 
the gases enter the burettes, and the results obtained represent 
the composition of the residual gases, after the moisture has been 
eliminated. Under ordinary circumstances there is no practical 
disadvantage in this, but it is desirable in experiments involv- 
ing the generous use of steam, that the real percentages of 
water vapour present should be ascertained correctly. 



92 NOTES ON MODERN SYSTEMS OF BETOBT HEATING. 

It has oocQrred to the Author on seyeral oci^ions, that it 
would be of some advantage to have a meaus of asoertaining 
the approximate composition of the waste gases, by mere in- 
spection* 



APPENDIX. 

FOBMULA FOB GeNEBATOB SsTTDfOB. 

F s Weight of coke put into generator in lbs. 

P-= ■ „ prkiary air for producer) g.gj^g.gp.g.gi^ 

fed with hot coke ) 
F' = „ do. do. cold coke =6-0to5*5F— 8*81^ 

B" = „ secondary do. hot coke = 10-0F-P= 
S^ « „ „ do. cold „ = 9-6F - F' 

V P° = Volume of primary do. hot coke = 18 • 14 P * 
VP°= „ „ do. cold „ srlS-UF' 

V8" = „ secondary do. hot coke = 18 * 14 S° 
VS°= „ „ do. cold „ =18-148° 

y = „ of air = 13*14 cubic feet per lb. at 62^ F. 
ff} =: Weight of water or Bteam iojected into prodaoer in lbs. 
Q^ = „ producer gases = 0-83 F + <^ + (F or P^). 

T' = Temperature of gases leaving producer = 3800° w^' 

F 

G'^ s= volume of producer gases 



(28000.?^) + 461 
^^^ 523 ' 

or at temperature T* 

1^4-461 
= 8^^—523-' 

or at temperature 2000° = 867 F. 

G' = weight of " waste gases *' from setting 

= 0-83 F + (P" or F) + (S" or &") + ^. 

G"^ ss volume of '* waste gases '* from setting at temperature T" 

T" -4- 461 

or at temperatare of 2000"" Fahr. = 491 F. 
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N ss area of produoer noBtrik 

/ « 2700 6\ 
(^2800^ - ^-Jr^j + 461 

= ^^^ 150;006 ' 

where F = fuel in lbs. per hour. 

T s theoretical temperature ayailable in setting. 
T" = temperature of gases leaving setting s= 0*458 T approxi- 
mately. 
T"^ = tomperatore of secondary air at outlet to recuperator 

= 0*4 T or 0-88 T'' approximately. 

B.T.U. in waste gases 

= (0-83 F + (I* or P«) + (S° or 8") + ^) 0-468 T x 0-263 ; 

or 

G»x 0-468 T 

8-95 



DISCUSSION. 

Mr. Chables C^rpenteb (London) : In obedience to your 
request I have pleasure in opening the discussion on this paper. 
I agree with you in your expression of opinion as to its worth 
to the Members of this Institution. The utility of such papers 
may be divided under two heads — there is Uie paper which 
appeals directly to you, which has the advantage of bringing 
rapidly before you new notions and ideas, and there is the paper 
which is of value to you for reference and investigation in the 
study. I am saying nothing disparaging of Mr. Lewis' paper 
in expressing the opinion that it falls within the latter category. 
With regard to the theory put forward by Mr. Lewis I am not 
certain that I quite follow him. I gather it to be substantially 
an analysis and summary of the various actions which take 
place in all recuperative retort settings, and the value that 
may be obtained by the perfection or otherwise with which the 
different operations are carried on. We must not lose sight of 
the fact that to attain this high degree of efSciency requires 
the expenditure of money, and what we have to consider, from 
the point of view of money making, and the supply of gas at 
the lowest figure (which, after all« is what our business is), is 
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whether the advantages justify the outlay. One diagram on 
the wall points that out very clearly. That is Fig. 1. I 
don't gather whether Mr. Lewis holds that out as showing an 
ideal state of things for a retort-house, whether that arrange- 
ment is what he would recommend us to invest our money in, 
but I am afraid I should be compelled to say of the advantages 
he would get that I do not think they would be paid for in the 
money they would return in extra coke sold. With all schemes 
of recuperation there are two drawbacks which are always with 
us. One is the large scale upon which gas-making operations 
in retorts are now extended, and with a delicate piece of 
mechanism such as that recuperator shown in the diagram, a 
great deal of attention would be required to maintain the 
proper balance of heat in the setting. Some time ago in dis- 
cussing the matter of improvements in recuperation with a gas 
engineer he told me, with respect to his particular modification, 
he would not be happy unless he saw his setting three times a 
day. Well, with a large undertaking it is not possible to work 
economically with anything which requires the engineer to see 
it three times a day. Another point is the wear and tear. 
With retort settings, in which the recuperation is of a similar 
character to that shown, it is not possible to regidate and con- 
trol the heats to as great a degree of accuracy as with a simple 
system of gaseous firing. I have had retorts, the average life of 
which has been 2500 working days. That is a very long life, 
and was obtained without any special care apart from the 
ordinary routine of large works. In that time none of the 
retorts had to be reset or repaired, otherwise than by stopping 
up the cracks or holes. In the case of my own company the 
cost of labour for the repair of retort settings is apparently 
increasing at a greater rate than that of any of the other 
repairs ; and there is considerable difficulty in getting retort 
setters and bricklayers to do this work, while they demand a 
much higher scale of pay than any other mechanics. There- 
fore it is important that the settings should be put in so as to 
enable the longest life to be got from them. I notioe another 
diagram, Fig. 10, which shows settings of nines, which with 
many engineers is a very favourite one. I gather that Mr. Lewis 
is not in favour of it ; and in that case I would very strongly 
support him in opposition to the arrangement. It is one thing 
to pack the greatest number of retorts into a setting ; but it is 
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another thing so to regulate combustion as to obtain the greatest 
duty from the retorts daring their life, and the greatest nni- 
formity of heat. I consider that you can do neither in a case 
where two retorts are sandwiched between two zones of com- 
bustion, while the outside retorts have the zone of combustion 
on one side and the waste gases going away on the other. The 
result of that would be that the heat of the retorts would be 
very unequal in those two cases. Some attempt has been made 
to get over that by shielding ; but I think it a very imperfect 
way of regulating the heat of a retort to make part of it twice 
as thick as it oaght to be. In coDnection with retort heating 
I may say we have been trying, for some eighteen months or 
so, thin retorts, something under two inches thick, and although 
as they form part of a range of retorts, heated by one furnace, 
it has not been possible to measure the amount of gas which 
each setting takes, they have been worked with 30 or 40 per 
cent, less damper than the retorts on either side. That points 
to the desirability of getting the retorts as thin as we can, con- 
sistent with maintaining their shape throughout their life. I 
notice another diagram which, I gather, is a cross section. It 
shows two producers, and I presume it is put forward as the 
best arrangement of producer for heating an ordinary retort 
setting. I do not think it is the best arrangement, because 
in the first case the productive power of the producer is so 
great it is not necessary to have two of them. Arrangements 
certainly are necessary for distributing the gas from the pro- 
ducer, and for making the supply uniform, but it is not 
necessary to have two of them. Mr. Lewis also spoke of 
the disadvantages of using cold fuel in charging the producer. 
That depends to a considerable extent upon the arrangement 
of the producer; and that is one reason why I think the 
system of making the producer part and parcel of the retort 
setting is not the right one. The method of converting coke 
into heating gas shoald, in my opinion, stand by itself; that 
is to say, the producer should be designed as an efScient in- 
strument for converting coke into fuel gas, and its design 
and arrangements should not be bounded by the exigencies 
of the space between the walls of a setting. The last pro- 
ducers 1 put in at one of the Simth Metropolitan stations 
are 19 feet 6 inches high. The upper part of the producers 
is arranged as a hopper tor cold fuel; and about one-third 
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of the distance down there is an outlet pipe which goes 
through from one side of the producer to the other, carrying 
off the gas to the retort setting. The advantage of that 
arrangement is that an uniform level of fuel is always main- 
tained in the producer. There is always a layer of fuel above 
the outlet of the gas which prevents any air being drawn in 
when the lid of the producer is opened for charging. We 
iindy by analysis of the gas, that the chemical composition is 
uniform within the limits of the simple tests we use through- 
out our daily work. The gas is led from the producer to the 
settings in the same way as we should do if the gas were 
obtained fix>m another source altogether. My view is that that 
is the only system by which the greatest advantages will be 
found in ,the future. I congratulate Mr. Lewis upon the care 
and trouble he has taken with his paper. 

Mr. FouLis: Will you tell us the size and shape of the 
producers ? 

Mr. Carpenter : About 9 feet by 12 feet rectangular. 
. Mr. G-. Helps (Nuneaton) : I should like to ask Mr. Lewis 
whether, when he speaks of the relative values of recuperators, 
the recuperators he used to obtain the different values assigned 
to them in the table, were the same in each case. The value 
of a recuperator depends largely on the soundness of the 
secondary air flues. My experience with regenerators of all 
kinds has been that nearly always the flues or passages for the 
gases were not sound ; and it was quite possible that if different 
settings were employed to arrive at the values given in the 
table, the soundness of the flues might have varied in the dif- 
ferent instances — which would affect the test. Again I should 
like to ask if the producers, or the recuperators, were connected 
with similar settings in each case, as my experience has been 
that the setting itself has a very material iufluence on the 
amount of fuel used. It appears from the table that double 
recuperation is better than simple. I was of that opinion, until 
six months ago, when 1 fixed up a recuperative setting, having 
about six tiers of flues or passages, three being arranged for 
heating the secondary, and three for heating the primary air, 
but so arranged, that the heated primary air could be shut off, 
and cold primary air used at will. The primary air was heated 
up to about 1500 degrees. After working the setting some 
time with the heated primary air, it (the heated air) was shut 
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off and cold primary air used. I &iled to discover any 
difference in the fuel consumptiony in favour of heated primary 
air. In each case the heats had been good, and the retorts 
charged with 3 cwt of coal every four hours. The fuel account 
was low. 

Mr. G. E. Stevenson : I have been much interested in this 
subject from the time it came up at our meetings ; and I must 
say I have been struck with one thing, that there seems to be 
a marked division line between the two classes of opinion re- 
specting this method of heating. There are those who think 
that gaseous firing in itself is the great source of economy, and 
when once you have got gaseous firing, and got that to heat 
your retort, you have done all that is well worth doing. There 
are others amongst us who think that the application of the 
recuperative principle — ^the abstraction of the heat from the 
waste gases and the utilisation of this heat again by communi- 
cating it to the air supply is of equal importance. I must say 
I belong to this latter class. I quite see and appreciate the 
value of gaseous firing ; but I believe in thorough recuperation 
also. 

The President : What do you mean by thorough recupera- 
tion? 

Mr. Stevenson : I mean the abstraction of as much as pos- 
sible of the heat contained in the waste gases, and its reintro- 
duction into the setting. I was going to say that I do not 
think it very much matters as far as the question of economy 
of fuel is concerned, what proportion of that beat is admitted 
through the primary or what proportion through the secondary 
air, but I think it is possible to go to excess in the heating of 
the primary air. When I hear of such figures as 1100° and 
1500° applied to the primary air I want to know what fire-bars 
will stand that heat. What will be the condition of the fire 
grate after a day's working ? It is quite true that the waste 
gases contain practically double the volume of heat yon can 
put into one of those divisions of the air supply — a great deal 
more heat than you can put into the secondary air supply ; and 
what you cannot put into the secondary air you may as well 
endeavour to utilise in heating the primary air. But I think 
most of us who have gone in for regenerative furnaces, have first 
endeavoured to heat the secondary air to such a point as was 
practicable, and then utilise the waste heat for the primary air, 

G 
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and by this means you get a high state of efficiency. When 
the waste gases are down to such a temperature that the main 
flue shows no colour — is practically Uack-r-I think you have 
not done so very badly in the way of recuperation ; in fact, you 
can do no more. There must be sufficient heat in the waste 
gases to create a draught. With a setting built for inclined 
retorts you have got to make your draught sufficient to pull 
the gases up 20 feet high, and then down again 20 feet. That 
wants considerable difference of temperaturei or otherwise how 
are you to get the draught ? I think all these discussions on 
furnaces and regenerative heating are of very great value, be« 
cause there is always somethiug elucidated, something fresh we 
have not observed before. The question Mr. Iiewis has brought 
forward as to the quantity of steam you can use under the fire 
grates is very useful. I do not use steam myself; I use water 
trickling over plates, which I think is quite sufficient, but I 
know there are others who find steam useful. There is no 
doubt by the use of steam you transfer the zone of intensest 
combustion further up into the furnace ; and according as you 
construct your settings with that object in view, or otherwise, 
you gain a useful advantaga I prefer to have a pretty intense 
temperature in the lower zone. I believe you do not get your 
carbonic acid reduced properly and fully to carbonic oxide, 
unless you have a fairly high temperature in the lower part of 
the producer. Each of us must have our own ideas on the sub* 
ject and must endeavour to work them out on our own lines. 

Mr. HoLGATE : I should like to ask the Author of the paper 
upon what supposition he bases the statement in class 3 on 
page 82, ^' secondary air heated and a portion of carbon in waste 
gases recuperated " ? What proportion of the waste gases are 
supposed to be treated there ? Is this statement based upon 
the treatment of say 50 per cent, of the waste gases, or is it 
based upon some other figure ? 

Mr. Lewis (Sydenham) : I can hardly recollect now, but I 
think it is based upon 20 per cent. 

Mr. HoLGATE : I daresay it will be within the recollection 
of many Members that a few years ago, Mr. Head, who repre* 
sented Messrs. Siemens, brought to the notice of gas engineers 
a method of utilising waste gases by passing 50 per cent of 
them underneath the grate of the producer for the purpose of 
reducing the carbonic acid to carbon monoxide; a method 
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vhich has been followed ont in connection with steel heating 
furnaces with good results. I had occasion to reconstruct some 
settings with regenerative furnaces^ and I placed them at the 
disposal of Mr. Head to see what could be done by the utilisa- 
tion of the waste gases. The furnaces and recuperative flues 
were so arranged that they could be worked in tlie ordinary 
fashion or a portion of the waste gases could be put under the 
grate. But there a difSculty arose. Theoretically, 50 per cent, 
was required, but the quantity sent under the grate had to be 
regulated by a steam jet, which proved very erratic. The 
quantity sent in would vary with the steam pressure. Then 
again the temperature of the waste gases after passing through 
the whole length of the recuperator was not sufficiently high 
to become of use in the producer. The conditions which ope- 
rated were very different from those which operated in the case 
of the steel heating (umaces. In that case the waste gases 
came at a very high temperature, straight into the furnace, and 
I think those conditions quite explain why Mr. Head was not 
able to make his trial a success. Of course theoretically it 
would be an advantage if some portion of the waste gases could 
be taken before being cooled in the recuperator and passed 
under the grate ; but then, again, comes the question whether, 
after all, that is the best method, even theoretically. There 
has been passing through my mind an idea which may perhaps 
have been put to the proof by some of the members, and if so, 
I should like to hear the result. You will remember, in davs 
gone by, Mr. CroU, at the Great Central Company's works, 
arranged to have underneath the ordinary clay retorts a num- 
ber of iron retorts where the heat from the clay retorts could 
be utilised. To this extent these iron retorts were recuperators. 
Now that we have gaseous fuel it has occurred to me, is it pos- 
sible to have a large producer, as Mr. Carpenter has suggested, 
introduce the whole of the gas made in it into the first setting, 
admitting into the setting just the necessary amount of air to 
cause the combustion of a part of the producer gas sufficient to 
give heat in the setting, then pass the whole of the waste 
gas from that setting into the next, and admit another 
supply of air, and so on, in succession, allowing in each succes- 
sive setting the amount of air required to raise the temperature 
of the gases to the carbonising temperature. You then make 
the retorts into recuperators ; simply raising step by step, the 
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temperature of the ga^es by the admisBion of the proper qnan* 
tity of air as the process proceeds. After a certain limit has 
been reached, you will be able to pass the waste gases through 
an ordinary recuperator, and in that way supply the settings 
with heated air. 

Mr. FouLis : This is a very old subject with me, for I 
think I was about the first to introduce these settings into this 
country. There is one remark in this paper I do not quite 
understand, and that is about the temperatures. Mr. Lewis 
says the excess of temperature in the producer over that in the 
air flue is 2800^ while the waste gases are only 600°, or less 
than one-fourth of the former ; I do not exactly understand 
what that refers to. There are just two other matters I would 
like to mention, first as to the equal heating of retort settings. 
In order to insure equal heating it is essential that the air and 
gases are brought together in such a way that there is no blow- 
pipe flames but a gradual consumption all through the setting. 
If that is done there is no difficulty in maintaining equal heats 
from top to bottom. I may say I quite agree with what 
Mr. Car|)enter has said, that the method of heating retorts in 
the future will be by having large producers altogether separate 
from and outsiHe the retort-house, where gas not only for heating 
the retorts but for all other purposes of heating in the works, 
will be produced and carried by flues to the various points 
where it is wanted. I have also been experimenting in this 
direction, and during last winter we had sixteen settings of 
twelve retorts each, heated in this way, with a very considerable 
amount of success. The experiment is not quite so satisfsu^tory 
as I should have liked ; but we are now making certain altera- 
tions which I think will make it quite successful. I am strongly 
of opinion that is the method which will be adopted in the near 
future, at all events for large works. 

Mr. Fletcher : I should like to ask Mr. Lewis why steam 
has the effect of causing a cutting action in the setting. It 
seems to me when you have a gas fired setting, no cutting action 
should take place. There should be no draught in a setting of 
that kind which should be likely to cause a cutting action. 
Fig. 10 does not appear to represent what is actually taking 
place in a setting of that kind. I do not see why you should 
expect to get a more even heat in such a setting. There would 
be more heat in the middle of the retort than on the outside, as 
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there would equally be in Figsi. 4 and 5, but I think that the 
amount of heat in between would greatly depend on the draught. 
If the gas is pulled through the setting it has a tendency to 
make a blow-pipe flame, but if you do not work with more 
draught than is necessary, the setting will probably be under 
pressure ; I think the most economical mode of working will 
be found when a pressure exists low down in the setting. lu 
tiiat case I do not think the flame will be like a blow-pipe, 
because it could be extended right down into the waste-gas 
flue, where recuperation is going on. It shows that tlie flame 
is not a short flame, and I take it that it is the same as the 
blow-pipe» as you increase the air and the pressure the flame is 
decreased in length. I do not think if the settings are worked 
with sufficient draught, but not too much, that the settings in 
Fig. 10 will be found far below those in Figs. 4 and 5. As far 
as an outside producer goes there may be many points in its 
fayour ; it may be more scientific, and a better result obtained, 
but the question of the cost of erection must be considered. I 
think it will be much more costly than an ordinary setting with 
a producer underneath, but I do not think that the fuel account 
will be any better. 

Mr. Harman : I should like to call Mr. Lewis's attention to 
the first paragraph in his paper, ** The seyeral advantages 
claimed for the use of gaseous fuel in retort settings are now 
almost universally conceded, and indeed, its employment is 
absolutely essential to the success of the inclined system. It 
would, therefore, be only a waste of time to reiterate the many 
arguments adduced in support of its value for such a purpose." 
I should like to ask what special features he had in his mind 
in framing that paragraph — what he specially alludes to in 
the setting for an inclined system as being different from a 
setting for the horizontal one. 

Mr. T. S, Lacet (Pimlico) : With regard to the blow-pipe 
flames shown on Fig. 10, 1 had a case where a setting of retorts 
was rapidly destroyed by being heated up by flames of that 
character. There was a very large excess of secondary air, the 
dampers had not been adjusted quite rapidly enough, and the 
combustion which was produced was so very excessive, that it 
destroyed the setting. 

The Pbesident : This subject almost amounts to a hobby 
with me ; I do not quite see the drift of Mr. Lewis' paper. He 
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seems to be a special pleader for the use of steam under retort 
settings. It seems to me the use of steam under retort settings 
is utterly unnecessary, because you can, in a properly con- 
structed regenerator setting, always have sufficiently hot waste 
gases coming away to produce steam in the water-box under 
the fire-bars. Beyond this I do not see that the use of steami 
plays any important part in the setting itself. Many people, 
on the continent, I believe, have tried steam injection ; and they 
have given it up. We have ten gas-works and ten managers, 
and they have all tried different experiments with and without 
steam, and tbey have come to the conclusion that steam is not 
of much use. When we first tried the regenerative system we 
admitted so much secondary air and cooled the furnace gases 
so low that we could not get sufficient heat under the fiies ; 
and then we had recourse to steam for a short time. But when 
we rebuilt the settings we took care to make the flues so as to 
get sufficient heat under the last channel, where there is a water 
box. At Vauxhall, many years ago, when we started a re- 
generator setting there, a El5nne setting, which was one of the 
first put up in England, it was absolutely necessary to use 
steam. But all that is needed, in order to keep the fires clear, 
is to have the zone of combustion at the proper place in the 
regenerator. Therefore, I fail to see altogether the use of 
steam for regenerator settings. Then there is the question of 
heating up the primary air. We tried that also, and gave it 
up ; we made many experiments, but found no results worth 
obtaining by heating the primary air, because it has to be 
heated up at the expense of something else ; and it is far 
better, if you wish to heat air at all, to heat secondary air ; I 
believe it is a waste of time and money to endeavour to heat 
up the primary air; and my view is fully borne out by 
Mr. Holgate's statement. I daresay some of you read the 
gas journals, and some eighteen months ago you may have seen 
the controversy between myself and Mr. Carpenter. Mr. Car» 
penter thought that the generator should be outside the 
setting, while I had a firm belief that it should be inside. 
The reasons for my belief are these : that I may store the 
radiated heat. Mr. Carpenter's reasons are that there should 
always be a superincumbent weight of fuel over the exit of 
your gas — and he is quite correct and I thoroughly appreciate 
it Speaking with my manager the other day, we came to the 
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conclusion that if we were to build any more settings we would 
sacrifice the principle of saving the heat, in order to gain what 
Mr. Carpenter wishes to gain by taking the gases away from a 
lower ssone in the generator. When one has made a mistake, 
or feels that other people know better, it is well to acknow- 
ledge it I do not gite in to Mr. Carpenter entirely in this 
matter. I do not belieye we are going to have one generator, 
and take the gases away to any portion of the retort-house ; 
but I am thoroughly with him that you must take the gases 
from the generator at a level where, on opening the generator, 
you do not get a blast of cold air into your settings. It does 
not matter how nicely the flues are adjusted, or what appliances 
there are for controlling the secondary or primary air inlet ; if 
you are continually lifting the feeding door off the top of the 
regenerator for filling purposes you upset the equilibrium of the 
setting for two hours afterwarda I took enormous pains and 
had a chemist continually analysing the furnace gases and the 
waste gases in the main flue ; as you cannot properly control 
your primary or secondary air unless you do that* The amount 
of air drawn up the main shaft is varying a thousand times a 
day, it is never constant ; and the result is to continually alter 
the equilibrium of the furnace. Therefore, if you wish to arrive 
at perfection, you must have an automatic regulator on the 
inside of your flues. But» of course, that is almost too 
theoretical. We tried to meet the difficulty in this way : by 
having on the inlet of the primary air a suspended flap. It is 
a German invention, so that as the draught in the chimney 
increases, this automatic flap closes to a certain extent, in order 
to allow, what we believe to be, the theoretical amount of 
primary air to enter. We do not care much about the secondary 
air, because a little more or less, does not play any very great 
part in the economy of the setting ; but the primary air has 
to be apportioned absolutely to the chemical requirements of 
the generator. The secondary air will, to some extent, take 
care of itself ; but if you wish to get thorough results from a 
setting you must study the primary air. Many people, instead 
of letting it go under the bars direct, make the primary air 
take a sinuous course through the side of the setting and then 
underneath the bars. That is a good idea, because the sinuous 
passage is not subject to blasts of cold air through the retort- 
house, which are experienced when the primary air is admitted 
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immediately under the bars of the furnace. We have now 
furnaces in which we have brought down the consumption of 
coke to from 10 to 12 lb& per 100 lbs. of coal carbonised. 
There are two gentlemen present, the managers of the 
Fredericksberg and Flensburg Works, who will be pleased to 
show the accounts they return to me at the end of every half 
year. The accounts of the manager of the Flensburg Works 
are at present the best, showing 10 lbs. of coke per 100 lbs. 
of coal carbonised. Then there is another matter — that is the 
cost of the bricklaying — which Mr. Carpenter has touched upon. 
I think, in my paper, which I had the pleasure of reading 
before you two years ago, I pointed out that abroad we never 
use bricks, but always used moulded blocks. These are all 
carefully made and numbered ; and if he is furnished with a 
diagram of the setting it is very easy for even an inexperienced 
man, only decently clever with his fingers, to put a setting 
together. In using brickwork, if a brick does not quite fit 
there is a tendency to jam it up with little wedges, and so on, 
and sometimes to leave very large joints of mortar. Theoreti- 
cally, you say it is not done, but retort setters are only human, 
and after the work is finished these large joints soon bum away 
or settle, and if there is the slightest settlement it is the first 
step towards a crumbling up of the whole setting. When I 
first went abroad I pooh-poohed the idea of blocks, and had an 
insular prejudice that bricks were the only proper things to 
nse ; but I had not been abroad more than three years before 
I came to the conclusion that my predecessors were quite right 
in adopting blocks for their settings. If it was right in 
horizontal settings it must be much more so in inclined 
settings. With a 20-foot inclined retort on brick piers, if the 
slightest wobbling takes place it will upset the whole alignment 
I have a tracing on the table of what is believed to be a typical 
setting of a Continental inclined retort, and there is hardly a 
brick in the setting ; it is entirely built with blocks. It would 
give me great pleasure if some of you, the next time you get 
a retort, would try this block system, for I feel sure you would 
be pleased with it. It needs very little mortar, and if the stones 
are put together with sufficient room for expansion when the 
setting becomes heated, they last yery well Of course, when 
a block setting is broken down, there is a lot of waste stuff 
which is no use ; whereas, in a brick setting you can chip up 
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a brick, and uiake it useful again somewhere. Still there is a 
danger in a retort setting, that if any bricks are not absolutely 
square, they are not fit to be put in, and, therefore, it is better 
to break them up and get rid of them. There is another 
matter I should like to ask Mr. Lewis, how the temperatures 
were ascertained, and the measurements which must be assumed 
to be correct ; and how the differences of mean temperature 
and the areas were ascertained ? In a paper like this, which 
binds us down to certain facts, you cannot accept the facts 
unless you know how they were ascertained. It would be of 
immense value to me to know how the table referring to 
diagram 10 was obtained — namely, the amount of primary air 
per lb. of coke consumed without steam and with steam, and 
how Mr. Lewis got the primary amount of air consumed and 
the relative work put on the recuperator. This is so important 
a statement that I am sure Mr. Lewis will do us the pleasure 
of elucidating what is a little obscure in his otherwise excellent 
paper. I have much pleasure in thanking Mr. Lewis for the 
trouble he has taken in this matter, and now call upon him to 
reply. 

Mr. G. P. Levos : In reference to Mr. Carpenter's remarks 
with regard to the different settings illustrated. I do not wish 
to pretend that I should advocate certain of the settings shown 
at all. The diagrams on the wall are intended to illustrate 
principles only, as with certain forms of settings you get a 
certain influence on recuperation. Though the No. 1: setting 
would answer all requirements from a theoretical point of view, 
I think it would be obvious that such a system would not be 
successful in practice. It is simply given as an example for 
the purpose of providing a unit figure in the tables of com- 
parative efficiency, and has been taken from a German source. 
Another diagram, No. 12, shows a French setting, which is 
very similar, but differs in having the regenerators on the 
opposite side, and would be liable to the same disadvantages. 
Personally, I consider Figs. 2 and 3 represent the best types 
of settings, and these are in most general use in this country, 
and give the best practical results. Taking construction into 
account they are much superior to the type illustrated by 
Fig. 1. With reference to the diagram showing two pro- 
ducers heating a setting, that is merely an illustration to show 
the large amount of surface exposed on the side of the re- 
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cnperator. It is not intended to represent a good setting at 
ally but merely to ennnciate the principle involved. I think 
most settings now-a-days haye the producer on the one side only. 
I quite agree with Mr. Carpenter in his remarks as to setting 
No. 10 as regards local heating between the two bottom retorts, 
and that applies more particularly when steam is used. In 
that particular case the temperature is certainly very high at 
that point between the two retorts. In answering Mr. Helps' 
question as to how these results were obtained^ and also 
Mr. Marshall's remarks later on, the figures I have given have 
not been obtained from one particular famace, but I have 
taken a large number of results and made an average of them, 
selecting those examples in which there was tbe least disturb- 
ing influenca The sources in most cases are from continental 
experience, and I have been as careful as I possibly could to 
select only those examples which I had reason to believe would 
be fairly accurate. I have based the tables given, on some 
fourteen or fifteen series of experiments. The question of 
taking the temperatures is a very important point, and is one 
which might be further looked into. It is a very difficult 
thing indeed to get these temperatures absolutely — ^for instance, 
the temperature of the air entering the setting at the point of 
combustion. It is practically impossible to get that in most 
instances, and in some cases I believe it has been done by a 
method in which a circular piece of iron of a specified diameter 
and length is taken and put in the flue, and allowed to remain 
until at same temperature, and then removed and immersed in 
a vessel of cold water, so arranged that by taking the difference 
of temperature in the water after the metal is fully cooled 
down the heat can be calculated. The results obtained in this 
way are superior almost to any others. I have tried a pyro- 
meter of English make, but was never able to get very good 
results from it. 

The Pbesidbkt: That is a German drawing. Will you 
kindly show us a diagram of some settings you have had at 
work yourself. The reason I ask is this : Many of these set- 
tings on the wall are shown with very small nostrils for the 
exit of the gases. That, I think, is wrong to confine the crude 
gases in the way they are shown in these diagrams. Either 
these are very old drawings or else there must be something 
wrong about them. We know we should npt get the best 
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results with many of these settmgs, where they are wire-drawing 
the products of combustion through such narrow channels. 

Mr. Fouus: Perhaps these drawings are not intended as 
practical illustrations at all I 

Mr. Lewis : That is it ; they are simply diagrammatic No. 2 
is the system in use at the Crystal Palace District Gas- 
works, and generally speaking, it has a very roomy combustion 
chamber. With reference to the President's remark that I 
have been specially pleading for the use of steam, that is not 
my intention at all. It was simply to give certain results that 
haye happened in practice, and I said at the end, what I may 
say again, that the advantages on the whole lay with steam. 
Though the President says he does not believe in steam, he. 
appears to use it, because I gather that he has a special 
arrangement for passing the waste gases so as to heat up a 
water box, which practically amounts to the same thing as 
using steam. 

The Pbesident: I did not mean extraneous steam. I 
think you have misunderstood me. 

Mr. Lewis : There is a note at the bottom of page 87 which 
explains what I mean by steam. Li conclusion I must thank 
you for the way in which you have received my paper. 
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A NOTE ON DISTRIBUTION. 

By C. C. OAEPENTER. 

At the Meeting of this Instittition held last Jnne^ a paper upon 
a subject of great interest, viz. ''A High-Pressure System of 
Distribution/' was read by Mr. Fletcher Steyenson. 

In the course of the discussion which followed, the Author 
of the present communication was able to furnish some par- 
ticulars of a high-pressure plant worked during the preceding 
winter at one of the South Metropolitan Company's Stations. 

It is hoped that the interest then evinced in the subject^ 
and the importance of it to gas suppliers generally, may justify 
the time appropriated to its further consideration. 

The productiveness or money-earning capability of the dis- 
tributing mains stands upon a different basis to that of nearly 
all the other plant of a gas undertaking. During the winter 
period of greatest consumption, the whole of the manufacturing 
plant may be in regular daily and continuous use, and the 
holders likewise may be drawn upon for the entire range of 
their capacity. On the other hand, the distributing mains 
are only fully at work for from about one-fifth of the day in 
midwinter to one-twelfth in midsummer. Therefore capital 
expenditure incurred to meet the extra requirements of the 
hours of heavy consumption is only remunerative in the pro- 
portion they bear to the whole year. 

The ideal of all suppliers of energy from central stations, 
viz. a level load line, is not brought nearer of attainment in the 
case of gas by the rapid extension of its use for heating and 
power as well as for lighting. In midwinter there will be a 
serious overlapping of all three demands. 

An average daily consumption curve for the South Metro- 
politan Company is shown in Diagram No. 1. 

In order to meet the variations indicated, three courses are 
open : (1) to make the mains large enough to carry the maxi- 
mum consumption with a certain minimum pressure; (2) to 
make them suitable for the normal consumption, and increase 
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the preasnre to supply the mazimnm demand ; or (3) a combi- 
DatioQ of botL 

On Diagram No. 2 are shown the sizes of mains and the 
initial gas pressure required for the average day shown in 
Diagram No. 1, and calculated for one mile in length. 

This brings out clearly the advantages of high-pressure gas 
in reducing expenditure on mains. 

The scale diagram (No. 3) shows the application of the 
system of high-pressure supply to the district of the South 
Metropolitan Oompanv. The larger works are shown at A, A, 
and from their controlling governors the high-pressure mains 
run to the distributing centres B, B. The initial governors are 
so arranged as to give about 3 inches at these centres (governors 
not being required), and any excess over the proper limit acts 
as ^' back-gas " in reducing the quantity sent out by the lower- 
pressure systems. (In cases where the high-pressure main acts 
as a feeder along its oourse, a governor becomes necessary at 
such points.) 

There has now to be considered the extent to which high 
initial pressure is available. In conjunction with the scheme 
just described, gasholders have ceased to be entirely depended 
upon for this purpose. The diagram (No. 4) shows graphically 
the relationship between holder pressure and capacity in the 
case of the South Metropolitan Company's forty-five million 
cubic feet. 

It does not need pointing out that when stocks are nearly 
at their lowest the demand is generally greatest Moreover, in 
view of the enhanced lighting value of gas when consumed 
under some such arrangement as the Somz6e Greyson, ideas of 
pressures at consumers' meters may yet be capable of three- or 
four-fol 1 expansion in the future. 

Some two years ago Mr. Greorge Livesey suggested the use 
of high-speed centrifugal fans worked by gas engines for the 
purpose of increasing initial pressures. Under his instructions 
a fan was installed at Eennington, where the plan has been 
worked for the past two months with every success. The type 
used is a special form of the Sturtevant exhauster. One of them, 
^o. 7a, is used to supply gas from one of stations A to B, shown 
on Diagram No. 3 — in this particular case from Eennington to 
Clapham Junction. It is driven through belting by a single 
steam engine having a cylinder 5-inch diameter by 5-inch 
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stroke. The entire cost of the plant, which st€uids in a space 
8 ft 6 in. square, was 135Z., fixed complete. It is estimated to 
handle upwards of 200 thousand cubic feet per hour. 

A larger fan. No. 11a, supplies gas to the governors main 
inlet from the low-pressure lifts of the holders, and is driven by 
a 12 horse-power (nominal) gas engine. The cost of this plant, 
exclusive of connections, was 350/., and it occupies a space 
measuring 22 feet by 18 feet. The supply main is 3 feet in diam- 
eter, and the connections into and out of the fan are 2 feet in 
diameter. The fan-spindle runs at about 1200 revolutions per 
minute, and not tlie slightest trouble or anxiety has arisen since 
it was first started* 

It was possible, by means of the station meters and gas- 
holder stocks, to measure accurately the duty of the apparatus 
under varying conditions of pressure, and the results are shown 
in the following table. 



Table of Wobk dohs bt Na 11 a Fav. 



No. of 
Test.* 


Om Preawre on Main.t 
InchM of Water. 


Gae 

handled 

per boar. 

Tbooaanda 

cnbicfeet. 


Engine 

Speed. 

RoToln- 

tlooa. 




Main 
Inlet. 


Main 
Ontleu 


Difference 
= Dnt7 
of Fan. 


Woik done bj Fan. 


1 
2 
3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 


6-3 

41 

3-5 

2-9 

2-5 

2-8 

-10 

•8 

•4 

- -5 

-9 

1-4 

3-2 


8-4 
7-7 
8-0 
8-4 
80 
80 
63 
7-7 
7-5 
5-5 
7-8 
8-8 
10-6 


2-1 
8-6 
4-5 
5-5 
5-5 
5-2 
7-8 
6-9 
71 
6^0 
6-9 
7-4 
7-4 


l-286t 
1023 
•932 
•839 
•712 
•699 
•631 
•602 
•595 
•537 
•472 
•425 
•397§ 


184 
182 

190 

192 
186 


Sapplyinggaa from holden 
outlet to goyemon main 
inlet. Average speed of 
fan 1200 remutioni per 
minute. AYerage gas 
oonsumptioa of engine 
500 cubic feet = at 1«. 6<L 
per m. 9d. per hour. 



It will be seen from the table that the mechanical efficiency 
of the fan mnst be very high — considerably beyond that of any 

* Each test is the record over one hour's nin. 

t The pressures given are not those on the connections in and out of the fan, 
hut on the main pipe before and after the by-pasa cross valve. 
X Ckwt of gas for engine -OOTd. per thousand. 
I Oost of gas for engine •024d. per thousand. 
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positire fonn of exhaoRter. Its first cost compares equally 
favoorably, and it has, besides, the enormous adyantage that^ in 
case of stoppage through any accident to the driving machinery^ 
the full area of gas passage is always maintained. 

To gas engineers the problem of economic distribution is of 
not less importance than economic manufacture, and it is hoped 
that the brief description giyen of the plant adopted by the 
South Metropolitan Company may be of service to those who 
are considering the means best suited to their wants. 

Note. — Since the above was written a plant capable of 
travelling 2^ million cubic feet per hour, driven by direct 
belting from a Westinghouse three-cylinder gas engine, has 
been successfully put into operation at the Old Kent Boad 
Works.— C. C. a 



DISCUSSION. 

Mr. J. D. AsHWOBTH (Portsmouth) : I should like to ask 
the Author if this system is not rather risky where there is 
only one holder, as is often the case in small works. Of course 
in a large works where you have three or four holders, and a 
fan for each holder, it would be all right ; but I should like to 
ask whether in a case like Portsmouth, where I work out of one 
holder, it would not be a risky thing to da Another question 
is whether as the holder lowered, the speed of the fan would 
not require to be exceeded to make up the pressure given by 
the holder. I understand the idea is to give sufficient initial 
pressure in spite of the lightness of the holder. From what 
I can see the lightness is due to the design of the holder more 
tlian anything else, because, I presume, of the inner lifts going 
outside the columns, and not having the ordinary carriages on 
or something of that kind. 

Mr. Flbtcheb: I should like to know if Mr. Carpenter 
means in a large works, where a large amount of gas is sup* 
plied, to have small instead of large trunk mains ; what would 
be the result if the fan suddenly pulled up when the heaviest 
consumption was on ? What would be the efiect if the pressure 
was suddenly lowered in that way ? 

Mr. W. EiNQ (Liverpool) : About twenty-two years ago this 
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subject came before us in Liverpool, inasmuch as a large con* 
necting main between two of our works was found to be getting 
too small. We then introduced pumping machinery, which i^ 
still employed, and I believe the system is adopted at other 
places, of forcing the gas from one works to the other by ma- 
chinery, in consequence of the comparatively low pressure of 
the holders. That was not done so much with the idea ot 
pumping directly into the distributing mains as to take the 
gas from one works to the other, where it was put in a gas* 
liolder; and this became merely an accumulator. If the 
demand at the distant works is greater than the amount of 
gas sent by the exhausters the gasholder begins to descend to 
supply the deficiency. If, on the other baud, the gas which is 
sent to the distant works is more than the governors require 
the g:asholder begins to rise, and acts as an accumulator. It is 
a very interesting question that Mr. Carpenter has brought 
before us, and if by the adoption of this system, or a modi- 
fication of it, an enlargement of mains is avoided, it is evi- 
dent it will be a very great advantage not only in the saving 
of capital outlay, but will also avoid the nuisance and trouble 
occasioned to the public by tearing up large and important 
streets. 

Mr. J. W. Helps (Croydon) : I am afraid I have very few 
ideas on this subject, as the necessity has not arisen in Croydon 
for treating the matter in such a way as that suggested by 
Mr. Carpenter. I quite appreciate the great difficulty which 
does exist in all companies where the large holders have inner 
lifts which give a very light pressure. At Croydon, having 
several holders, we are able to get the heavy holders full by 
day, to give enough pressure at night, and work out the lifts 
which are very light during the day. It does seem to me, 
however, that one of the difficulties in connection with this 
matter is the difficulty which would arise in the event of tha 
blower suddenly pulling up. They may be supplying the gas 
at 7 or 8 inches and the pressure of the holder be only 3 or 
4 inches ; and though it might be sufficient to keep the lights 
from going out entirely it would cause a deal of dissatisfaction, 
and bring in a number of complaints from consumers. Perhaps 
Mr. Carpenter can give us some further information on that 
point. I would also like to ask whether it is necessary to have 
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the fietns in duplicate. AppaTently, from the small amount of 
money spent, that is not the case. I should have thought it 
adyisable, as the fans must be working at high speed at times ; 
and high speed naturally means a good deal of wear and tear 
and some likelihood of a break down. Evidently Mr. Car- 
penter has great faith in them, but I should like to hear 
whether he thinks it necessary to duplicate. 

Mr. S. Meunieb (Stockport) : With regard to this question 
of distribution I remember at last year's meeting on Mr. Steven- 
son's paper a suggestion was made that, instead of forcing the 
gas through these mains at a high pressure, and so increasing 
the probable loss by leakage, it might be possible to pat a fan 
or exhauster at the far end of the district and so increase 
the pressure onward from that point. Since then I have 
attempted a scheme on a small scale, by exhausting an inde- 
pendent main between two of my works, to see what the 
result would be. I have certainly found a distinct improve- 
ment, inasmnch as I have not the slightest difficulty in getting 
into the gasholders at our second station at least double the 
quantity of gas in the same period of time as I did before by 
simply forcing it. The thought struck me last year as to 
whether it would not be quite as well ot even better — taking 
into consideration the leakage which is likely to take place by 
increasing the pressure up to 12 inches — tiO follow the example 
set by our friends the electrioal engineers in their manner of 
supplying from sub*stations ; it appears to me that it might be 
advisable, more especially in view of the fact that it might 
be a rather risky experiment to increase the pressure too much. 
I should like to ask Mr. Carpenter to give us his views on the 
question of the establishment of a small sub-station somewhere, 
where he could draw from the trunk main and distribute the 
gas through a district, and whether this would not answer the 
purpose equally well as forcing the gas direct from the station 
at a high pressure. 

Mr. T. A. GUYATT (Ely) : I notice in the table against 
Nos. 7 and 10 there is a minus sign for the main outlet. I 
take it that represents the vacuum. 

Mr. Carpenteb : That is pressure below the atmosphere. 
There is 1 inch of pressure in the one case, and 6 3 of pressure 
in the other. 
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Mr. Gut ATT : I shonld like to ask Mr. Carpenter whethe* 
he has any difficulty with the holders in those circumstances. 
I presume the vacuum would continue into the holders if they 
happened to stick or hang ; and whether he has any difSculty 
in working them with a vacuum in that way. 

The President: I should like to ask Mr. Carpenter 
whether he does not think it necessary to duplicate these fans. 
I have some seven or eight of them at work, not for gas-works 
but for a cement works ; and every now and then they go to 
pieces entirely, there is no question of repairing them. There- 
fore, where so much depends on them, and the outlay is so 
small, I should think it well to duplicate them. I believe I 
was guilty, last year, of asking the question which Mr. Meunier 
has asked to day as to exhausting through the mains, and as 
I did not get a convincing reply, I shall be glad if Mr. Carpenter 
will deal with it more thoroughly. 

Mr. C. Carpenter : I am not sure whether I have made 
my case as clear and emphatic as I desire. The reason, pro- 
bably, is that the diagram does not appeal to everyone. The 
main point about it is that it is a scale diagram on the utility 
of gas mains taken on an average day, midway between mid- 
iminmer and midwinter.' I think it brings out the points which 
the electricians are suffering from greatly as well as ourselves, 
the high peak, which means that only during a portion of 
the 24 hours is the outlay on the mains productive. The 
problem, I take it, is how we can make them more productive, 
and following up that view of the case, I think we shall suc- 
ceed more completely if we look to the initial pressures more 
than we have done hitherto. In order to bring this out more 
clearly I have prepared the second diagram, which shows the 
pressures required, keeping the mains equal. This is to a 
great extent the essence of the paper, whether it is not better, 
to meet any dijBSculty as to the supply by making the existing 
mains more productive, instead of increasing the expenditure on 
mains by laying new ones. Why should we spend so much 
money on mains Me make so little use of, as to distribute the 
gas with an initial pressure of only 3 inches ? There is abso- 
lutely nothing in the suggestion of increased leakage through 
employing high pressure. A considerable amount of gas is 
distributed in the Metropolis at high pressure. Take the case 
of the north of London, where the bulk of the gas is sent from 
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Beckton at an initial pressure of somewhere about 24 inches ; 
but the leakage is not excessive^ because, according to Field's 
analysis, they stand yery well as regards unaccounted-for gas. 
For many years I have had experience of high-pressure mains 
of large size (up to 30 inches), working with them at a pressure 
of from 12 to 15 inches. And the only escape I have had on 
them was due to the making of a big sewer in a very busy part 
of the district. Apart from that I have never had a leak on 
those high-pressure mains of about one-third of a mile long. 
With regard to the duplication of the fans I have not con- 
sidered it was necessary, and for this reason — ^the fans are not 
running continuously, they are running only during the hours 
of maximum load. There are conditions under which, when the 
holders are quite full, it is not necessary to run them at all ; and 
generally speaking, they are only working for a few hours. Up 
to now I have not had any trouble with them in the least degree ; 
I have never had a hot bearing or any di£Sculty at all. Supposing 
the fans were working all through the 24 hours I should con- 
sider a duplication necessary. For instance, in the case of one 
works where the gas is made at one station and sent down to 
be measured and stored half a mile away, in midwinter there 
is a great deal of trouble owing to back pressure thrown by the 
mains, meters and holders. I am arranging to get over that 
next winter by putting down fans to deal with the whole make. 
The fans wiU draw the gas from the inlets of the meters and 
force it through them into the holders. The fans there will 
be working throughout the 24 hours, and in that case I think 
it essential to have duplicates. But with fans working for a 
short time in the day (as these fans are), I do not think it is 
necessary. It is not as though (as in the case with an ex- 
hauster) when the apparatus stops you stop altogether. In the 
case of an acciden^-'and in my experience that is very un- 
likely — ^you are simply suffering from a reduction in the 
pressure. With respect to the speed at which the fans are 
running there is nothing remarkable about it. The speed is, 
in the case of the large fan, 1200 revolutions a minute ; and 
if the straps are wide enough to transmit the horse-power of the 
engine without having them too tight there is no di£Sculty in 
running them continuously. I had information some two or 
three weeks ago of a plant in America which has been working 
under similar conditions to this, and the fans have been running 
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continnonsly for many weeks on end* I have written to America 
for information ; but it has not yet come to hand, therefore I 
can only say that the plant is used for a similar purpose to that 
I have described by the Consolidated Gas Company of New 
York. With respect to the question of the large holders of the 
South Metropolitan Company, the scheme of high pressure 
distribution does not depend upon the weight of the holders. 
I suggest that the fans can be profitably utilised in two ways, 
first of all by increasing the initial pressure at certain portions 
of the district, in other words there should be a high-pressure 
system and a low-pressure system, and for the high pressure 
the small fan should be used. The second point is that when 
the holders are low (uncupped) and the inner lifts only avail- 
able, we have a ready means of providing whatever initial 
pressure is required. I have heard of cases of works which 
stopped on Sundays, where it has not infrequently been necessary 
to work a portion of the day at any rate, not because of any 
shortness in the gas stock, but because it was locked up in 
holders which are not heavy enough to give the required 
pressure. There is the question of sub-stations which Mr. Mcunier 
has raised, but I would point out that the method described 
requires no extra cost in rent or labour. The plant is put 
down at the gasholder station ; and when the man starts the 
engine he sets the fan running ; and it runs as long as it is 
required without any extra duty or attention. Not only that, 
but it is put down on land which is already available, whereas, 
if we fixed it in a cottage in an outlying part of the district 
there would be the rent of the cottage and the man's attendance 
there, going on over the whole of the year. I am not going to 
say there are not cases where it is advisable to do as Mr. Meunier 
says, but I certainly think the most economical plan is to do 
it from the distributing station and use it in the direction 
required. 

Mr. Meunieb : I take it in your case you had already your 
high-pressure mains laid ? 

Mr. Cabpenteb: The mains were not originally laid as 
high-pressure mains; but we cut off the intermediate con- 
nections and converted what was an ordinary low-pressure main 
into a high-pressure one. 

Mr. Meunieb : Suppose it is a question with yon whether 
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you shall establish a sub-station or lay a special feeding main, 
which would you prefer to do ? 

Mr. Cabpenteb : If it was impracticable to do what we did, 
cut off the connections near the works and supply them from 
the through govemorSy then I should have no hesitation in 
saying that your (Mr. Meunier's) case is properly solved as you 
solved it. 
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INCANDESCENT MANTLES. 

By VIVIAN B. LEWES, F.LC^ F.O.R 

Thebb is nothing more wearying to the practical man than to 
listen to the preachings of the scientist who imagines that the 
thoughts bom within the four walls of his study are superior 
to the hard-earned experience of years of labour ; and nothing 
is farther from my intention than to impose this suffering upon 
you. There are, however, sides to many questions which can 
be made clear : details, the explanation of which can help ; and 
innovations, the description of which will interest those em- 
ployed in actual every-day work It is in this way that 
lectures can be made most valuable, while the more practical 
working experiences find their most fitting record in the dis- 
cussion which every lecturer hopes to excite. 

It was long before the incandescent mantle came to the 
assistance of the gas engineer in his fight against the threatened 
encroachment of the electric light, that the name of Dr. Auer 
von Welsbaoh became known to the scientific world as one of 
the most promising students in the domain of the rare earths 
that the world-famous laboratories of Heidelberg and Vienna 
had produced. Boiling a solution of some of these rare oxides, 
and using a ragged sheet of asbestos card to shield the beaker 
containing the solution of the salts from the fierce flame of the 
Buusen burner, he noticed that a small quantity of liquid which 
had boiled over and evaporated on the projecting fibres at the 
edge of the card, endowed them with the power of becoming 
brilliantly incandescent under the exciting heat of a non- 
luminous flame. Seizing the clue so obtained, Welsbach set 
himself to solve the problem of how to utilise the manifestly 
high light-emissivity of these bodies as a practical aid to 
artificial illumination ; and the result of his quest has been 
to place the gas industry well beyond the reach of electrical 
competition for many years to come, and to ensure fame and 
more substantial reward to the keen worker whose appreciation 
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of the importance of his discovery, and determination during 
an up-hill fight of some ten yeari^, have practically resulted in 
one of the most phenomenal successes of modem times. 

The term ''rare earths" is one of those anomalies which 
mar the vaunted precision of science; as, though it might 
justly be applied to the oxides of many metals, it was in 1885 
used to designate a smnll band of metallic oxides which occur 
in certain rare minerals of which cerite and gadolinite may be 
taken as types. The term " earth " was applied to such bodies 
as the oxide of chromium (CraOg) and alumina (AI2O3) ; while 
the *^ alkaline earths " were the calcium and magnesium groups. 
These rare earths were generally considered to be — 

Geriam oxide (Ce^O J. 
Lanthanum oxide (La^O,). 
Didymium oxide (DyaO,). 
Yttrium oxide (YjO,). 
Erbium oxide (ErOn). 

together with some others even scarcer ; and these are divided 
into two groups — 



Cerlte Earths. 

Cerium oxide. 
Lanthanum oxide. 
Didymium oxide. 



YtteriU Eartbg. 
Yttrium oxide. 
Erbium oxide. 



which are easily divided from each other by the action of an 
excess of potassic sulphate; the cerite earths fo/ming '^ alums/' 
which are insoluble in potassic sulphate, and so separate ont, 
while the ytterite earths remain in solution. These rare earths 
are all bases. There are, however, other metallic oxides equally 
rare which play an important part in mantle making, but can- 
not be classified with them. Thoria (THO2) and zirconia (ZrOj) 
are not earths, and in some combinations show rather an acidu- 
lous than a basic tendency. These two metals, thorium and 
zirconium, are classed with titanium, silicon, &c. 

It was with the study of these oxides that Welsbach was 
most concerned at the period when his early attempts began to 
assume tangible shape ; and having discovered the possibility 
of making a mantle to fit the shape of a non-luminous Bunsen 
flame by soaking a cotton fabric in a solution of salts of the 
rare earths, and then burning out the organic matter in such a 
way as to leave a ghost of the departed threads built up of the 
oxides of the metals used — thin enough to be excited to 
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Inminofiity by the heat of the flame, and yet resistant enough 
to retain its shape under the temperature to which it was sub- 
mitted — ^he took out his celebrated patent of 1885, which has 
proved an efficient first line of defence against those who, left 
outside the charmed circle, have yet hungered for the baked 
meats within. 

In the 1885 patent, Welsbach protects the idea of makiug 
a mantle by saturating the cotton fabric and then burning off, 
using mixtures of the salts which he gives as — 

60 per cent, of zirconia or oxide of zirconium. 
20 „ „ oxide of lanthanum. 
20 „ „ oxide of yttrium. 

The oxide of yttrium may be dispensed with ; the composition 
being then — 

50 per cent, of zirconium. 

50 „ „ oxide of lanthanum. 

Instead of using the oxide of yttrium, ytterite^ earth, and 
instead of the oxide of lanthanum, cerite earth containing no 
didymium and but little cerium, may be employed. 

As a commercial article, the mantles made under this patent 
were dire failures. They had an illuminating power which 
varied from three to six candles per cubic foot of gas consumed, 
and were so friable that the mantles of to-day seem giants of 
strength as compared with their puling forefathers. They, 
however, fulfilled the important function of launching the idea 
of the mantle. Hardly had the patents been taken than Wels- 
bach made the further discovery that, by going outside the 
group of rare earths, and by replacing zirconia by thoria as a 
basis, increased life and strength could be given to the mantle ; 
and this was protected by the patent taken out by him in 1886. 
In this patent he protects the use of thoria alone or in admix- 
ture with zirconia, lanthana, yttria, didymia, erbia, magnesia, 
or alumina. 

During the next few years, the composition of the mantles 
made by the Welsbach Companies was of a very variable cha- 
racter ; but the largest proportion of them consisted of commer- 
cial thoria, and gave a light of six to eight candles per cubic 
foot of gas— this being due to the fact that the material used 
was not pure, and contained traces of ceria, which gave it the 
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power of emitting what was then a considerable amount of 
light. Pure thoria gives a practically non-luminous mantle ; 
and with chemically pure material the light obtainable is under 
1 candle per cubic foot of gas ; while even now a mantle made 
from the commercially pure thoria, manufactured for mantle 
making, gives a light of from four to five candles per cubic foot. 
This is entirely due to the difficulty of separating the last 
traces of ceria ; and as ' 1 per cent, of ceria causes thoria to 
give about five candles per cubic foot of gas, it is difficult to 
obtain a sample which does not give a certain amount of light. 

The use of ceria together with thoria is mentioned in some 
of Welsbach's eariy foreign patents ; but the exact date at 
which it was first realised that traces of ceria had the marvel- 
lous effect on the light-emissivity of the thoria mantle that we 
find in the mantles of to-day, is not very clear. It is evident, 
however, that the advantage of the presence of small quantities 
of ceria was beginning to be realised by 1891, when Mr. W. 
Mackean, the Chemist of the English Welsbach Company, 
read a very interesting paper before the Society of Chemical 
Industry,* and pointed out that ceria is by no means a dis- 
advantage in small quantities, as it adds to the constancy of 
the illuminating power. He gave a table showing the influence 
of the presence of ceria in the lighting fluid, and also the 
influence upon the light which increasing percentages of ceria 
have. Thus, for instance, the ordinary lighting fluid contains 
0*25 per cent, of ceria, and gives 25 candles for a consumption 
of 2j^ cubic feet of gas, or 10 candles per foot ; while increasing 
the percentage of ceria in the fluid to 0*5 reduces this to 
18 candles for 2j^ cubic feet When 1 per cent, of ceria is 
added, a Airther reduction to 13^ candles for the 2^ cubic feet 
is found; but while the candle power lost 43*2 per cent, in 
1000 hours with the 0*25 per cent, of ceria, it only lost 12*6 
per cent, in one experiment, and 28 per cent, in another, with 
1 per cent, of ceria present in the original fluid. He also, in 
the same paper, gave the following as a composition for a 
mantle giving a yellowish light : lanthana, 40 per cent. ; 
thoria, 28 per cent. ; zirconia, 30 per cent. ; and ceria, 2 per 
cent. — showing that at this period the use of small quantities 
of ceria in mantles containing thoria was by no means unknown. 

Later on, in 1893, Mr. Moeller, having clearly realised that 

* See * Journa]/ yoL lyii. p. 345. 
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commercial thoria contained traces of ceria, and that it was 
owing to this that the earlier mantles gave any light, took out 
a patent in which he sought protection for thoria in combina- 
tion with very small traces — not exceeding 1 or 2 per cent. — 
of certain other rare metals, such as uranium, cerium, terbium, 
neodymium, samarium, praxeodymium, yttrium, and lanthanum. 
The mantles of to-day nearly all consist of 99 per cent, of 
thoria and 1 per cent, of ceria, as, although several of the 
oxides mentioned, in minute traces, endow a non-luminous 
thoria mantle with the power of emitting light, yet ceria so 
far transcends the others in its capacity of not only exciting 
luminosity but of keeping up the illuminating power over a 
long period, that, as far as our present knowledge goes, it is 
needless to look beyond it. 

An absolutely pure thoria mantle gives less than one candle 
per cubic foot of gas consumed ; a pure ceria mantle gives but 
little light, and of a red nature. So that, for all practical 
purposes, the ingredients when used alone are valueless. But 
the smallest addition of ceria to the thoria causes a rapid leap 
up in its power of light-emissivity, which reaches its maximum 
when from 0*9 to 1 per cent, of the total oxide consists of 
ceria. Further additions cause a rapid falling off in the light ; 
while the light emitted first assumes a yellowish and then a 
reddish tint as the percentage increases. The following curve 
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of candle power and percentajge of ceria sliows the average 
result obtained ; but it must be borne in mind that certain 
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traces of impurities, derived from the ash of the cotton and 
from the salts used, lower, to a certain degree, the absolute 
candle power, although they do not affect the general contour 
of the curve. 

Several attempts have been made to explain the wonderful 
power of light-emissivity possessed by the thoria-ceria mantle. 
Dr. Drossbach was of opinion that the rare earths had a special 
action in converting heat rays into light rays, and that the 
molecules of ceria acted by bringing the heat vibrations of 
thoria to the most favourable state of resonance with the vibra- 
tions of the hot-flame gases. Dr. Moscheles and Dr. Killing 
both pointed out that cerium formed two oxides, and that other 
metals having the same characteristics would act as exciters 
when used in the proper proportions. Both attributed the high 
incandescence of the mantle to changes in the state of oxidation 
increasing the intensity of combustion on the mantle surface ; 
while Dr. Killing pointed out that a catalytic action also pro- 
bably took place. Dr. Buute has given by far the best expo- 
sition of the tiieory of the incandescent mantle, which if it 
does not make all points clear, yet offers a simple and probable 
explanation of the observed phenomena, which he ascribes to 
intense local temperature due to the ceria exercising a power 
of attracting oxygen and causing its combination with the flame 
gases. 

The remarkable influence which ceria exerts in awakening 
light-emissivity in the mantle becomes still more remarkable 
when one considers that, although the percentage by weight of 
the ceria is only one, yet that by volume it is enormously less. 
When nitrate of cerium is converted into ceria by the action of 
heat, little change of volume takes place ; but when nitrite of 
thorium is decomposed in the same way, its conversion into 
oxide is accompanied by an increase in bulk of an extraordinary 
character — the substance swelling up, and producing a light 
powder occupying many times the bulk of the original salt — 
so that in the finished mantle small indeed must be the space 
occupied by the exciting ceria. 

This seems to point to some specific action on the part of 
the ceria; and cases are not unknown in which dilution with 
some inert material increases physico-chemical action of the 
kind one would expect of the ceria. If port or claret be shaken 
up with powdered charcoal, which consists of nearly pure 
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carbon, and the miztnre is then filtered, the colour is but little 
changed ; while if animal charcoal, or some of the artificially 
prepared imitations of it containing only 10 per cent, or less 
of carbon distributed over the surface of inert mineral matter 
be used for the same purpose, the liquid is absolutely deco- 
lorised. 

Another example which bears closely upon the ease of the 
ceria is to be found in the action of platinum upon mixtures of 
hydrogen or coal gas and air. If a piece of platinum foil be 
heated to redness in a Bunsen flame, and the gas be then turned 
out, and afterwards turned on before the platinum has had time 
to grow too cool, it again becomes heated to redness in the 
stream of gas and air, and continues in this condition as long as 
the gases are passing over its surface ; while if brought to what 
would have been the outer envelope of the flame, had the 
gaseous mixture been alight, the temperature is so increased 
that the ignition-point of the gas is reached. 

The action here is what is known as a catalytic or surface 
action, and it is due to the fact that platinum has the power of 
condensing gases upon its surface, and in doing so renders them 
so chemically active that combination between the condensed 
gases is often induced. In the cases of the coal gas and air, 
enough heat is evolved on the surface of the platinum to raise 
it to redness. The result being due to surface action, it is mani- 
fest that an increase of the surface must increase the activity of 
the substance, and if, instead of taking metallic foil with its 
comparatively small area of exposed surface, spongy platinum 
made by reduction from a platinum salt or asbestos coated with 
the reduced metal be employed, ignition of the gaseous mixture 
without the preliminary heating takes place. 

The fact that the platinum foil remains red-hot in the stream 
of coal gas and air which is only at atmospheric temperature, at 
once shows that the heat evolved by such an action is localised 
in the body starting the action, and it is manifestly possible — 
and indeed probable — that the very minute particles of ceria 
scattered over the surface of the inert thoria, and so subdivided 
as to be capable of easy and rapid heating to a very high tem- 
perature, may give rise to an action of the same kind. Indeed, 
one knows that to a certain extent this is so, because if the 
mantle-burner be turned off and again turned on while the 
mantle still remains hot, the mixture of gas and air is re-ignited, 
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though the rod and mantle material are manifestly below the 
ignition point of the gas; and the fact that thifl does not take 
place with a pure thoria mantle is a fairly good proof that it is 
the ceria^ and not the thoria, which is acting. 

Dr. Bunte has found that thoria had no influence in bring- 
ing about the combination of hydrogen and oxygen, and the 
temperatare at which the two combined to form water was the 
same whether thoria was present or not ; but that the presence 
of ceria caused them to combine at 660^ Fahr., instead of at 
1200° Fahr. This being so, the question arises as to what the 
action can be that the ceria induces — the localisation of the 
heat from which causes its minute and subdivided particles to 
glow with so high an incandescence. 

When in a Bunsen burner the admixture of gas and air has 
been carried to the extreme limit, so that what would have 
been the inner cone of the Bunsen flame settles down as a green 
and seething sheet on the gauze of the burner top — ^being, in- 
deed, only prevented from flashing back in the tube by the 
conducting power of the gauze and the accelerated rush pf the 
gas and air mixture through its meshes — the combustion is 
being completed in two stages; the first taking place on the 
surface of the gauze, where the hydrocarbons of the coal gas 
undergo incomplete combustion at the expense of the oxygen 
of the admixed air, yielding carbon monoxide and hydrogen, 
together with small quantities of carbon dioxide and water 
vapour. It is the combustion of the carbon monoxide and 
hydrogen which gives the outer flame in which the mantle is 
heated ; this combustion entirely taking place at the expense of 
the oxygen derived from the air surrounding the flame, and not 
from the air originally mixed with the gas in the burner-tube. 
It is a mistake to speak of this outer flame as a *' solid flame " — 
an expression often used in connection with burners in which 
8u£B.cient air is introduced with the gas to flatten the inner 
zone on to the gauze — as it is merely the structureless flame 
which is always obtained on burning gases like carbon mon- 
oxide and hydrogen, which burn only in one stage. Any user of 
mantles knows perfectly well that it is only in the edge of this 
outer flame that the mantle material acquires its true incan- 
descence ; this being due to the fact that it is only when the 
maximum quantity of air and the carbon monoxide and hydrogen 
meet that the highest temperature is attained, and it is here 
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that combustion is at its fiercest^ and that the catalytic action 
of the ceria creates points of high intensity. 

The view put forward by Moscheles and Eilliug may be 
shortly stated as follows. Cerium is a metal which exists in 
two states of oxidation — a lower or eerous oxide Ce^Os, and 
the higher or eerie oxide CeO, — and it is easily conceivable 
that in its highly subdivided conditiou, and at a high tem- 
perature, exposed as it is to the high-reducing action of 
hydrogen and carbon monoxide, which tend to take oxygen 
from it and convert it into eerous oxide, and also to the 
oxidising action of the air, which tends to again build it up 
into eerie oxide, a continual oxidation and reduction is taking 
place ; the abstraction of oxygen from the air, and its liberation 
to combine with the reducing gases on the surface of the ceria, 
raising these attenuated particles far above the temperature of 
the flame. It is quite clear that» whether one accepts the 
Killing theory of dual oxidation or Bimte's of catalytic action 
of the ceria, one arrives at an explanation of the fact that, 
unless the mantle be just in the right position so that both the 
air and the flame gases have access to it, the luminosity of it is 
practically destroyed. 

It may be roughly stated that there now exist two classes 
of theory with regard to the mantle. The first is that the ceria 
or ceria and thoria exercise some occult power of converting 
heat rays into light The second, the theories of Killing and 
Bunte, which ascribe the wonderful light-emissivity to the 
exalted temperature brought about by local combination due 
to the power of the ceria in attracting oxygen ; and it matters 
little whether this be brought about by a purely chemical or by 
a physico-chemical action. 

It is clear that if the light be due to the conversion of heat 
rays into light, on heating the material out of contact with air, 
the same difierences in their power of emitting light should be 
observed as exist in the mantle ; and several experiments have 
been made in order to find if this were so or not. Dr. Bunte 
took a thick-walled tube of arc carbon, having the walls of its 
middle portion reduced for a length of four inches to a thickness 
of 0*059 inch, and heated it by an electric current until the 
middle portion attained a most intense white heat, far above 
3630^ Fahr. In order to prevent combustion and loss of heat, 
the middle of the tube was embedded in magnesia, over which 
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asbestos paper was wrapped. Small square prisms— 0*59 inch 
long by0"28 inch wide — of magnesia were coated with the 
substances to be examined ; and each was cemented to a simi- 
larly shaped piece of carbon or magnesia, so that the two 
adjoining faces consisted of the two substances to be compared. 
On placing these double prisms in the tube, it was possible, with 
certain precautions, to observe the relative intensities of the 
radiation by comparing the two halves of the surface visible in 
the tube. These researches showed very small differences in 
the intensity of the radiation from carbon, magnesia, pure 
oxides of thorium and cerium, and the Welsbach mixture. 

Within the last week confirmation has been give of Dr. 
Bunte's results by an extremely interesting paper communi- 
cated to the Royal Society by Mr. A. A. C. Swinton, in which 
he enclosed the luminous materials in a vacuum tube, and sub- 
jected them to bombardment by means of cathode rays, which 
would raise them to a very high temperature, as it is possible 
by such a method to melt platinum and glass, and to bring 
finely divided carbon to bright incandescence. The mantle to 
be experimented on was mounted in a platinum wire frame, 
and placed between the two electrodes, so that as the electric 
current alternated, and each electrode became in turn the 
cathode, the mantle was subjected on alternate sides to cathode 
ray bombardment. Experiments were made with mantles 
consisting entirely of ceria and thoria, both separate and mixed 
in different proportion ; and in order to obtain accurate com- 
parisons between the pure oxides and different mixtures, the 
mantles were made in patchwork — each mantle being made up 
of two to four sections separately impregnated with different 
solutions, and then sewn together with impregnated cotton 
before being burnt. 

With a compound mantle prepared in this special way, 
composed one-half of pure thoria and the other half of a 
mixture of 99 per cent, thoria with 1 per cent, ceria, it was 
found that after exhaustion, on starting the cathode discharge, 
the thoria plus ceria heated up to incandescence more rapidly 
than the pure thoria, and on stopping the discharge cooled more 
rapidly. Further, when at full incandescence, and observed 
through a dark glass, the thoria plvs ceria was slightly more 
luminous than the pure thoria, though the difference was very 
small — probably not more than 5 per cent. Owing to the 
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difficulty of obtaining a constant vacuum, accurate photometrio 
measurements were not possible ; but the amount of light under 
favourable conditions was roughly estimated at at least 150- 
candle power per square inch of incandescent surface — this 
being obtained with an expenditure of electrical energy in the 
secondary circuit, at about 8000 volts pressure, of approximately 
1 watt per candle. The amount of exhaustion suited to give 
the best results varied with the dimensions of the tube and the 
conditions mentioned in the paper, but was approximately about 
0*00005 atmosphere; the maximum luminosity being obtained 
when the dark spaces of the two cathodes just crossed at the 
centre of the bulb. Owing to the large amount of gas occluded 
by the mantle, a proper degree of permanent exhaustion was 
very difficult to arrive at, and required continuous pumping 
for many hours with the cathode rays turned on at intervals. 
Even then, the conditions of maximum luminosity were ex- 
ceedingly unstable, owing, on the one hand, to the further 
liberation of occluded gas, and, on the other, to the rapid 
increase in the degree of exhaustion on account of absorption 
of the residual gas by the electrodes. That such absorption 
probably took place in the aluminium electrodes, and not in 
the mantle, was demonstrated by other experiments with a 
tube in which there was no mantle, but only two electrodes of 
aluminium wire. 

These experiments all point to the fact that the idea of a 
mixture of 99 per cent of thoria and 1 per cent, of ceria having 
the peculiar power of converting heat rays into light, while 
thoria and ceria alone have not this power, or at any rate only 
have it to a very limited extent, is not tenable ; otherwise the 
same difference would have been noticed when the materials 
were heated either in the carbon-tube furnace or in the 
vacuum tube. This undoubtedly gives great support to the 
second theory. 

It has been pointed out that the amount of ceria in the 
mantle is so extremely small that it seems hardly credible 
that any surface action that it possessed would play an im- 
portant part in the production of luminosity ; but Dr. Bunte 
answers this objection by saying that, according to Davy's 
theory, the illuminating power of an ordinary gas-flame is due 
to the particles of carbon which are separated from the gas and 
raised to a white heat. The carbon arises chiefly from the 
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decomposition of the heavy hydrocarbons ethylene and benzene, 
which form together about 5 per cent, of the volume of the gas. 
Assuming, for the sake of simplifying the calculation, that all 
the carboD of the bensene and half that' of the ethylene is 
separated and heated to incandescence in the flame, it may be 
calculated that about 54 milligrammes of carbon are separated 
from a litre of good coal gas — 23*6 grains from 1 cubic foot. 
Thus 4 per cent, of ethylene and 1 per cent, of benzene give, 
per litre of gas, 60 c.c. of carbon vapour from the benzene 
and 40 c.c. from the ethylene — in all 100 c.c^ which is equal 
to about 54 mg. of carbon. The volume of the luminous 
portion of a flame having a consumption of 5*297 cubic feet 
per hour, an^^l an illuminating power of 17*5 candles, is about 
2 c.c. at 32° Pahr. There is therefore in it (2 x 54) -f- 1000 rag., 
or 0*1 mg. (0*0015 grain) of incandescent carbon. Such an 
extremely small quantity of incandes<*ent carbon as 0*0015 
grain, gives the luminous surface to the gas-flame, and emits 
« light of 17'6-candle power. Now the 1 per cent, of ceria in 
the Welsbach mantle amounts to about 4 mg. (0*06 grain) per 
mantle, or about forty times the quantity of incandescent carbon 
in an ordinary flat flame. The quantity is therefore quite 
sufficient to explain why the Welsbach burner may give a light 
of ^0 candles, while the flat-flame or Argand burner furnishes 
only 17 '5 candles. 

The only other legalised mantle at present before the public 
is the Sunlight, the ingredi^ts of which consist of alumina and 
the oxides of chromium ; and it is interesting to see how far 
the light yielded by this mantle can be attributed to the same 
action as in the case of the Welsbach. If a mixture of alumina 
or alumina and zirconia, with a very small percentage of 
chromium, be employed, a very high candle power is produced, 
which, however, soon dies away, owing to the volatilisation of 
the chromium compound ; while if the amount of chromium 
present be increased, the mantle acquires a more ruddy light, 
and retains its illuminating power for a much longer period. 
So that with a proper percentage of chromium a candle power 
of 10 to 11 candles per cubic foot of gas can be obtained for a 
period of 400 to 500 hours ; and it is noticed that the chromium, 
which on first burning shows as green chromium oxide, rapidly 
combines with the alumina to form a pink compound, which 
has much the same composition as the ruby. It is quite pro* 

I 
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bable that the increased life given by the larger quantity of 
chromium is due to the fact that the lighting power of the 
mantle is really dependent on small traces of the oxide of 
chromium, and that as this gradually volatises off from the 
surface of the mantle, some of the piuk compound gets dis- 
sociated by heat, and supplies a fresh portion of chromium 
oxide to the surface of the mantle — this pink compound being 
far less volatile than the chromium oxide itself. 

Thoria, as far as the life of the mantle goes, is perhaps the 
most important constituent, as there is no other known oxide 
i/v'hich will stand heat for so long a period without being affected 
by it ; and the getting away from shrinkage in the mantle was 
one of the chief steps which led from the failure of the early 
mantles to the success achieved by the later ones. Moreover, 
thoria is a body having a very low specific heat, and owing to 
its bulk, when produced from the nitrate of thorium by the 
action of heat, it is a good non-conductor, so that the tem- 
perature created on the surface of the ceria particles is more 
readily localised. 

Within the last few years attempts have been made to attack 
the question of mantle making from a different standpoint. 
Admitting the superiority of thoria with its 1 per cent, of ceria 
over other mantle mixtures, efforts have been made to obtain 
mantles of filaments of this mixture upon the principle under 
which the old Clamond basket was made. Glamond produced 
his incandescents by making a patte of magnesia with acetate 
of magnesia in solution, and moulding the mixture into threads 
by squeezing through holes in a plate. The threads, while 
plastic, were wound to the required shape on a mandrel or 
mould, tlie still moist threads being pressed together and made 
to cohere at the points where they crossed each other, and then, 
on baking, the acetate luting burnt to oxide. The reduction in 
size of the mass to be rendered ineundescent was a great ad- 
vance, and enabled incandescence to be produced by a burner 
instead of a blow-pipe ; while Welsbach's discovery-— or rather 
adaptation — of the principle of saturating a fabric and incine- 
rating, created a new era in incandescence. 

As was natural, attempts were then made to reduce still 
further the size of the filaments in the Glamond basket, and on 
November 4, 1890, Limgren patented a distinct advance. It 
was found that if one made a plastic filament as Claymond had 
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done, but finer in substance, it dried very quickly, and an at- 
tempting to make the mate-rial cohere at the crossing of the 
threads, those first wound on the mandrel (being drier than 
those wound across them) were harder, and on pressure being 
applied, cat through the softer threads instead of welding with 
them. Finding this, Lungren patented the idea of making a 
plastic mass of some elastic material charged with refractory 
earths or metallic oxides, expressing from such mass fine wires 
or threads, weaving or interlacing the threads into a fabric from 
which the cone or mantle could be made, and .then burning out 
the combustible elastic binder. In making this binder he 
gives mixtures of glue with glycerine, india-rubber dissolved in 
naphtha or boiled linseed oil, as examples; but he also says 
that a variety of materials may be used. 

One of the most remarkable developments of the last fifty 
years has been the wonderful way in which the lower form of 
gun-cotton, known as collodion cotton, has been utilised for 
commercial puiposes, and at the present time it bids fair to in* 
vade the territory of incandescent mantle making. It was in 
1838 that the chemist Pelouze drew attention to the fact that 
when paper was acted upon by the strongest nitric acid, it in- 
creased in weight, and acquired the property of burning with 
enormous rapidity ; while as early as 1813 Braconnot had pre- 
pared a substance called " xyloidin " by acting upon starch, 
linen, and sawdust in the same way. It wsis not, however, until 
1845 that any serious attention was directed to the use of such 
substances as explosives, when Schonbein first called attention 
to nitrated cotton wool, and advocated its use as a substitute 
for gunpowder — showing that in explosive energy it was far 
superior to it. 

Experiments were at once instituted on a large scale ; and 
its manufacture ^as carried on in England, and also on the 
Continent. But in 1847 a very serious explosion occurred at 
the works at Faversham in which it was manufactured by 
MeS'^rs. Hall ; while a year later an even more serious explosion 
followed in the gun-cotton factory at Bouchet, near Paris. As 
no reason could be assigned for these and similar explosions, 
gun-cotton was looked upon as too dangerous an explosive for 
ordinary use ; and its manufacture was for a time discontinued. 

During this brief period, however, it had been discovered 
that if the strength of the nitric acid employed in the manu- 
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facture be slightly reduced, a compound was formed which had 
the property of dissolving in a mixture of alcohol and ether, 
which was not the case with the true gun-cotton ; and that on 
allowing the solvent to evaporate, a serai -transparent mass was 
left in which no trace of the structure of the original material 
remained. This solution was eminently adapted for forming 
thin films on glass plates ; and as this was a great desideratum 
at that particular period for photograpliic purposes, the new 
material began to be manufactured on a fairly large scale. It 
was soon found that, by slight modifications in the method of 
manufacture, and by loading it with various foreign materials, 
excellent imitations of amber, ivory and tortoiseshell could be 
obtained, with the result that the manufacture of collodion has 
now attained very considerable importance. 

One of the most beautiful applications of collodion is the 
manufacture from it of artificial silk. In the interesting, but 
little known, town of Besanjon, the French inventor Ghardone 
has established a large manufactory in which collodion, made 
by nitrating wood pulp, is dissolved in the smallest possible 
quantity of alcohol and ether ; and the emulsion is then 
squeezed out under a pressure of 750 lbs. to the square inch 
through capillary glass tubes, the clear-way of which is less 
. than one-hundredth of a millimetre. This enormous pressure 
is required to cause the material to flow evenly through the 
excessively small apertures. The filaments from ten to twelve 
of these tubes are then twisted and wound on to a bobbin, in 
a machine of the same character as is used for the spinning 
of silk fibre. The air of the room in which this operation is 
carried out is kept at a sufficiently high temperature to cause 
the instantaneous setting of the filaments^ owing to the evapo- 
ration of the alcohol and ether ; so that within three or four 
inches of the tube from which the material is issuinof it has 
lost all 8tickine&«4, and may be twisted without cohesion between 
the threads. These have all the appearance of silk, but have 
one serious drawback that, being practically a low form of gun- 
cotton, they are excessively inflammable, and burn with a 
violence only a little removed from that of true gun-cotton. 
In order to overcome this trouble, tiie skeins of artificial silk 
are soaked in ammonic sulphide, wliich has the effect of what 
is termed "denitrating" them, and converting them once more 
into cellulose ; so that, after washing and drying, the material 
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prepared is not more inflammable than an ordinary fabric 
This material is capable of taking every shade that the dyer's 
art can impart to it, and forms a most beautiful and wonderful 
imitation of silk — la(;king only to a slight degree the elasticity 
found in the original article. 

This extremely beautiful process was brought to perfection 
by Chardonet, and protected by him during the period which 
extended between 1886 and 1893 ; and in 1894, De Mare took 
out a patent for making incandescent jGlaments by charging 
collodion with metallic salts and oxides, squeezing into threads, 
weaving, and burning. In this patent, however, he makes no 
mention of denitrating the collodion filaments before burning, 
which would render it extremely difficult to make a mantle 
according to his patent In 1895, Knofler patented the manu- 
facture and denitration of collodion threads or filaments loaded 
with oxides or salts ; and in his first claim he mentions that 
the filaments may be "individual, or spun and eventually 
wrought or woven threads, which are made after the manner 
of the so-called artificial silk." Later on Plaissetty took out 
a patent whi<;h differs from Enofler's only in that he uses 
glacial acetic acid as the solvent for his collodion cotton, and, 
instead of denitrating with ammouic sulphide, employs a 
solution of sulphide of lime, which, however, has the draw- 
back of leaving a trace of lime as an impurity in the finished 
mantle. 

Mantles made by such methods as those devised by Knofler 
and Plaissetty are developments of the Glamond hood and not 
of the Auer mantle ; the difiference being that, whereas the 
Clamond class consists of filaments of even density made by 
squeezing a plastic material into rods or threads, which, after 
the binding material has been burnt ofl^, leave a uniform mass of 
oxide, the Auer class consists of filaments having a dense cen- 
tral portion surrounded by a more or less spongy coating, due 
to the fact that the soaked fabric on burning-oflf leaves the 
oxides produced from the interior of the capillaries in a dense 
state, while the salt on the exterior of the cottciU, in its conver- 
sion into oxide by heat, is rendered spongy by the escape 
through it of the gaseous products of the combustion of the 
cotton. 

The physical effect of this on the mantle is that the 
Clamond claw is harder than the Auet^ and. doe& not. show th^ 
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same high incandescence until the surface of the filaments has 
become eroded by burning for a short period ; the life of the 
Glamond clasfi, howerer, when made of the same material as 
the Auer, is longer. For instance, two mantles, one made by 
the Enofler and one by the Auer method so as to yield an ash 
containing 99 per cent, of thoria and 1 per cent, of ceria, would 
give curves of the following character : — 

6 cuWc feet of gas. 




too ZOO 300 9oo 509 600 100 

Hours. 
— — Welsbaoh E nofler. 



The total life of the Knofler and Flaissetty mantles is prob- 
ably one-third longer than that of the Auer mantle. 

There seems to be every probability that mantles of the 
Enofler and Plaiss-etty type will play an important part in 
incandescent lighting, as in Paris the Welsbach Company have 
acquired the patent rights of the process, and are introducing 
an innovation upon it. On taking a collodion mantle and heat-* 
ing it in a drying-oven for a certain length of time, considerable 
shrinkage takes place ; and if this shrunk mantle is then put 
upon a burner and burnt off, the fabric rapidly motilds itself to 
the form of the flame with but little manipulative aid. For 
street lighting and for maintenance work, it would manifestly 
be a great convenience to do away altogether with the coUodion- 
ising, which always to a certain extent impairs the light^giving 
power of the mantle. 

Another new feature which has been introduced into mantles 
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of this class is to do away with the asbestos thread and loop, 
which has always been a weakness in the fabric, and make the 
strangulation at the top of the mantle by sewing it round with 
fibres of the same character as those of which the mantle itself 
is composed ; this constricted annulus then resting upon a sup- 
porting ring, which is fixed as the ordinary support in the 
centre of the mantle. The asbestos thread has always weakened 
the top of the mantle, owing to the difference in the rate of 
contraction during burning off; and with a mantle merely rest- 
ing on a supporting ring in this way, it is possible to get what 
really is an anti-vibrating arrangement, which materially en- 
hances the life of the mantle for outside work. 

The matter which I have brought before you has already 
occupied so much time that I do not propose to go into the 
question of burners. Many highly vaunted improvements have 
been introduced during the last two years ; but they have all 
been based upon the idea first introduced by M. Bandsept, of 
getting the proper admixture of the maximum of air and gas to 
be burnt at the bottom of the burner, and perfecting and com- 
pleting the mixture close to the mouth of the burner, where 
the combustion is to take place. In many cases, the increased 
luminosity given by such burners is really due to the length of 
tube, the increase of which acts in the same way as increase in 
gas pressure. These improved burners have shown themselves 
to be extremely variable ; for while, with carefully adjusted 
samples and careful manipulations in the laboratory, it has 
been possible to get as much as 25 candles per cubic foot of gas 
with a properly prepared Welsbach mantle, in practice on a big 
scale the duty given is quite as often 17 candles or less. The 
old Bandsept burner, when properly made, is still as good as, 
or better than, the new ones. 



DISCUSSION. 

The President : I am sure we are all deeply indebted to 
Professor Lewes for that most interesting lecture, one of the 
most interesting we could possibly have listened to. We are 
also deeply indebted to M. Plaissetty for having taken the 
trouble to come over to this country to bring us the beautiful 
mantles we have seen. I have personally great pleasure in 
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proposing a yote of thanks to M. Plaissettj. If there is any. 
question you would like to ask Prof. Lewes, I think I may 
safely say he will be pleased to answer. 

The Pbesident : Well, gentlemen, as we haye no questions 
to put, I ask you to show your appreciation of the lecture by 
according with acclamation a hearty vote of thanks to the able 
lecturer. 
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THE PRACTICAL WORKING OF CARBURETTED 

WATER GAS. 

By CHARLES F. BOTLEY. 

Several valuable and interesting papers on carburetted water 
gas have been presented in recent years to this Institution, but 
the importance of the subject to the gas profession probably 
renders excuse unnecessary for again bringing it forward. 

The manufacture of water gas affords many opportunities 
for investigation, and, without doubt, has great possibilities. 
The few remarks the Author has the honour of submitting 
to-day are the result of his experience at Hastings in the 
responsible supervision and occasional actual working of a 
plant. It is desirable to point out, that in the year 1895 
the matter of enrichment became an important question at 
Hastings, owing to the price of cannel, &c. 

At first, as was only natural from previous experience of 
those concerned, oil gas manufacture (Peebles process) was 
very much lavoured, but finally, owing chiefly to the advan* 
tages offered by disposal of surplus coke, the wider range 
of available oils, the addition to the productive power of the 
works and rapid production in emergency, carburetted water 
gas was adopted, and in the result the Author feels sure that 
his father, Mr. C. E. Botley, has had every reason to be glad 
of his decision. 

The plant, as originally erected by the contractors, under 
the supervision of the Author, as the engineering assistant of 
the company, comprised two sets of generators, carburetters, 
superheaters, scrubbers and washers, of a nominal capacity per 
diem of 375,000 cubic feet each. The other plant consisted of 
a water condenser, 80,000 cubic feet per hour meteri 80,000 
cubic feet relief gas-holder in steel tank, separator, two circu* 
lating water pumps, two oil pumps, one tar pump» two oil 
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meters, two high-speed double cylinder vertical eDgines, driving 
the fans by means of belting, each fan and engine being equi^ 
valent to the two sets working simultaneously, in view of 
extensions. There are six oil tanks, 24 by 9 feet diameter, of 
a working storage capacity of 50^000 gallons. This subdivision 
of storage may appear curious, but it was necessary to meet the 
circumstances of the position, fte. Above the oil stores the 
circulating water tank is placed, divided into two partitions for 
boiler feed and supply to washers, scrubbers, &c 

In conjunction with the water gas plant, a modem high- 
pressure steam installation, 110 lbs. per square inch working 
pressure, was put down, comprising two 24 by 7 feet Lanca- 
shire boilers, consuming either cuke, breeze, tar or other refuse, 
and fitted with Green's economiser, exhaust steam water heater 
and chimney. Of course feed pumps, tar feed tank, &c., are 
included, and these boilers supply steam to the whole works. 
The cost of the plant, as just described, has been about 10,000Z.| 
existing buildings, altered to suit, being used to accommodate 
the apparatus. The original plant has been considerably altered 
and added to, as will be referred to in due course. 

It will be convenient to deal with the manufacture in the 
various stages of the process. Thus, to start with the produc- 
tion, or generation. The generator plays a vital part in the' 
manufacture, and is subject to more wear and tear in compari* 
son with other parts of the apparatus. At Hastings the usual 
fuel bed is 4 ft. 10 in. diameter by 9 feet deep when making an 
average of 20,000 cubic feet per hour, as against 15,000 to 
16,000, the rated capacity of the sets. In lieu of a better 
arrangement, the coke at present has to be delivered in bar- 
rows to a small space provided near the plant, where the 
charging barrows are filled, and then hoisted, by means of a 
steam lift, to the operating floor. The original lift has been 
entirely remodelled, but although the working is now satis- 
factory the waste of steam is considerable, and when possible 
an hydraulic lift would be preferable. Some coke (10 tons or 
bo) is always kept on the stage for emergency. Dry coke is 
very necessary, or retort carbon can be used, and the better 
the fuel the better the working. The blowers and engines 
claim attention with the generators, and should always be 
started (after the plant has been standing for a short period) 
before anything else is done, for under some circumstaBoeB 
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t is possible for gas to gather in the blast main,* and, as a 
further precaution, they should not be stopped more than two 
minutes occasionally for examination during working. When 
the blowers are stopped the relief-valyes on the blast main can 
be opened^ 

The proper, or most suitable, amount of blast is of import- 
ance. It must be enough, but anything beyond will cause waste 
of fuel, excessiye burning of generator linings heavy clinkering 
and much coke dast deposited in the neighbourhood. The 
Author has found a blast pressure of 16 to 17 inches of water 
ample. This will give some 10 or 11 inches under the fire- 
grate. The speed of the fans or blowers is reduced from about 
1700 to 1800 revolutJons per minute during the '* blowing up " 
to some 500 or 600 during the gas-making. This of course 
saves steam, answers well, and is accomplished by the operator 
closing, by means of suitable gear^ the main supply of steam^ 
and leaving only a by-pass. The engines being vertical, and 
of high speed (280 to 800 revolutions per minute), require con- 
stant careful attention, and, especially when the speed is varied^ 
precautions must be taken that the condensed water in the 
cylinders can always escape freely ; likewise, the governor gear 
must always be kept in good order* These engines drive the 
fans by belting, and for the high speed required it is very 
desirable to have light endless belts. Such will be found in 
the Balata make, but these must be protected ftoln oil or resin« 
The original generator fire-grates did not answer, owing to the 
heat causing them to sink, and in sinking bringing the fire 
bars so close together as to block the air-ways. New grates 
were adopted^ having two specially designed cross bearers 
instead of one, but even those show signs of sinking. The size 
of the bars is 3 inches by 2 inches flat, which have proved 
satisfactory, although a taper section would allow the ashes to 
escape more quickly, and probably a mechanically operated 
grate would be an advantage. Careful clinkering is very 
essential) and is done generally about every five hours, or 
once for every 100,000 cubic feet made^ which has been found 
to enable remarkable uniformity in make per run to be 
attained. At each clinkering there is of course a consider^ 
able amount of material removed from the generator. When 

* An accident from neglect of this precaution haa occurred, resulting in the 
destruction of a fan^ &c. 
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working day sbifts only, this averages 8^ cwt. per clinkering, 
and is composed of 2^ cwt. of clinker and 6 cwt. of coke and 
breeze. The latter are used for boiler fuel, and are not 
included' in the figures given for fuel. Dry high-pressure 
steam should be available at the generator, 100 lbs. per 
sqnare inch usually, and 90 lbs. as a minimum. A good 
steam trap is therefore an advantage on each generator steam 
pipe, but, despite these precautions, No. 2 set is at a dis- 
advantage as regards No. 1 in the matter of CO2 produced, 
it being farther from tlie steam main. The matter of the 
amount and distribution of steam in the generator is an 
interesting one. Other conditions being normal, the make 
per run will vary tremendously with a given opening of the 
steam cock. This is owing to the condition of the fire, but 
experience soon decides the proper or best quantity. It has, 
however, been found more satisfactory not to interfere, under 
ordinary circumstances, with the steam cock, and many times 
it has been noted that, when the steam has been on in excess, 
the valve has been turned back without reducing the make 
per run, but with a reduction in the amount of CO2. Excess 
steam means unnecessary expenditure of fuel, and, as a result, 
makes a lot of clinker. The coke per 1000 cubic feet made 
averages about 44 lbs., but from this has to be deducted the 
residue coke from clinkering, which, as already stated, is used 
under the boiler. The amount of coke used will vary with the 
percentage of CO2 ; thus, if it is desired to reduce the CO^ to 
a minimum, more coke is necessary. 

The percentage of COj in the crude gas at Hastings aver- 
ages under 3 with No. 1 set, and under 4 with No. 2 set, which 
is probably satisfactory. Generally three tests for OO2 per day 
shift are made by means of the Cooper's Tube. (It may be 
pointed out that unless fresh water is used each time with this 
test, the results are not reliable.) The average length of time 
for the blow is four minutes, wiih a minute extra for every cwt. 
of coke charged into generator ; a clear, clean fire being quite 
as necessary for gas-making as to ensure a good supply of 
producer gas for the heating up of the other vessels. In the 
ordinary way the producer gas will ignite immediately the blast 
on the carburetter is opened, but after every three or four runs, 
when either three or six cwt. of coke has been on, the ignition 
will be correspondingly delayed. 
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In this matter of blowing up or heatings the yessels of the 
set, the question of labour can be considered. It is very desir- 
able to select sober and intelligent workmen as operators, as a 
skilful operator can save much by properly regulating the 
production of producer gas and its combustion by the introduc* 
tion of the secondary air at the proper point or points, and 
amongst other things, obviate much unnecessary " roaring " at 
the stack valve. Seven minutes' make has been adopted as the 
most satisfactory, longer and shorter periods having been care- 
fully tried. Up and down runs for making are worked in the 
proportion of two to one, but the down runs are dispensed with 
some time prior to clinkering, to assist that oper^ition. The 
valves which are used in this connection require constant atten- 
tion whilst the set is at work, and shonld be examined internally 
when the set is standing off as spare. For operating them a 
rigid method of ccmnection is advisable. Likewise, the down 
gas-p^pe may become partly blocked with dust, and should be 
cleared periodically. Leaky steam cocks, or a defective blast 
valve will cause much trouble on a generator until the defect 
huB been discovered and remedied. Other little troubles with 
ash-pan door, clinkering doors, &c., are best met by keeping 
spare ones ready. Glimbinc; clinker has not given any trouble, 
but this may be due to the fact that it is a rule to run the fire 
down and clear the same right out every two or three weeks, 
when opportunity is taken to examine the grate, linings, &c. 

The wear and tear of the generator linings is, perhaps, not 
satisfactory, and trouble with local burning away has been ex- 
perienced, and for every twenty-five or thirty millions made, 
it is found desirable to renew the bottom interior ring of lining 
at a cost of labour and materials of about lOZ. This is done as 
soon as a set is shut down in order to be ready. 

The carburetters installed were of the usual type, with oil 
sprayers designed to spread the oil as much as possible. From 
the outset this plan of inje(*ting oil on to heated bricks was 
looked upon as a very crude and unscientific method, and> 
rightly or wrongly, the following defects were attributed to the 
method. It was difficult to keep the sprayers in clean and 
effir'ient condition, even though they were regularly examined, 
and in case of a block necessitating the removal of the sprayer, 
much time was lost. The oil being ibrced by the pump through 
the meter and the heater, did not give a continuous supply or 
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spread the oil over the whole area of the chequer work, cansing 
excessive coolinc^ of the same, and incomplete gasification of the 
oil. The cooling of the carburetter naturally needed the 
expenditure of extra fuel in the generator, and often caused tlie 
superheater to get unduly heated. The oil had to be shut off a 
certain time, acecrding to cir(*umstances, before the end of each 
run, and after the blast on generator had been opened a further 
period had to be allowed so that the stack yalve could be 
opened without oil yapour being lost, or presumably lost, and it 
is a doubtful point whether this ** blowing over " gas is of any 
permanent value. Ignition of the producer gas at the top of 
carburetter was generally delayed, and frequently caught with 
a *' pop/' or slight explosion. During the blowing up, the last 
traces of oil from the previous run would be observed burning 
on the bricks, and when the plant was shut down from shift to 
shift, oil vapour used to burn for some time at the stack valve. 
Surely this was all loss of oil, and, in addition, the carburetter 
would become very dirty from carbonaceous deposits, and the 
top bricks of chequer work converted into practically pieces of 
carbon, which only gave a false heat when heated up. The 
carburetted water gas made at the time in question, appeared 
to be of a very oily character, which tested well at the plant, 
but gave considerable deposits, and did not yield anything like 
its proper enrichment value, but of course it is very possible tlie 
plant was not worked as well then, when it was comparatively 
new to those concerned, as is the case now. However, it was 
deemed worth while making some endeavour to improve the 
carburetters, and this is briefly what has been done in tLis 
direction. 

The flat top has been replaced by one of conical shape, 
extending about 3 ft. 11 in. above the floor, the angle of this 
top being the same as the interior of the crown lining, with the 
object of being able to distribute the oil over the whole area of 
the chequer work. The top flange measures 7 feet from the top 
of the chequer work, leaving a space, roughly, of 40 feet cubical 
contents for expansion and other purposes. A less depth of 
chequer work has been tried in order to secure a larger expan- 
sion chamber, but it was not successful, as all the oil was not 
volatilised. A step is fitted on one side in order to be able to 
see in the top sight-cock, but the glass by which the operator 
makes his observations is fixed close by the blast valve at an 
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angle, so that he can see when i^irnition has taken place, any 
shock or '^ pop " from an early ignition being much less marked 
since this top has been used. This space, of course, also becomes 
filled with gas during a run, and although means were originally 
provided to remove this, it has not been found to be of any 
ccmsequence beyond now and then obscuring the sight gletss. 
To overcome the objection of injecting oil on to the heated 
bricks, it is now put in by means of an atomiser operated by 
either steam, air or gas. This atomiser converts the oil to the 
form of fog, with, perhaps sometimes a little oil dtisiy or very 
fine drops. Oil in this form is obviously in a ready condition 
for volatilisation, and mixing as it does with the very hot water 
gas coming from the generator, it is, doubtless, partly, thereby 
rendered gaseous, the heavier portions of the oil being converted 
in the passage through the chequer work. It is well known 
that the volume of gas from the generator during a run de- 
creases after the second minute, and thus it is desirable to 
reduce the oil in proportion. This point has apparently been 
already recognised in other plants, as also the necessity for 
thoroughly distributing the oil, but with the carburetter 
described, the oil is put in continuously (not intermittently, 
as with a pump) in a decreasing amount coincident with the 
reduction in the volume of gas coming from generator. It 
would probably take too long to describe exactly how this is 
accomplished, but it may be said that the oil is forced by way 
of the meters into a reservoir containing compressed air or gas 
or steam at 50 lbs. per square inch, either throagh the oil 
heaters or not, as desired ; thus the supply of oil to the car^ 
buretter is to this extent independent of the pumps. In the 
ease of the atomising force being gas or air, it is compressed 
and stored at 125 lbs. per square inch, and used at 50 lbs. per 
square inch and under, the compressor running at a constant 
speed regulated according to circumstances. Air has been used 
on account of safety since April 1898. Steam, when used, is 
taken trom the main pipe through a reducing valve into a small 
reservoir, but the condensed water is apt to become a nuisau'^e. 
Air and oil have to be supplied to each atomiser, but these 
are readily dLsconnected, and it is easy to remove an atomiser, 
renew or change the nozzle, and replace within fifteen minutes. 
The nozzles are made in various sizes, according to illuminating 
power required, and last a long time. The difference in the 
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nozzles is mainly in the size of the holes, and a higher candle 
feet value for oil is obtained with a No. 1 nozzle (finest hol^s) 
than with other sizes. Each atomiser is designed for working 
with air- and oil-cocks full open, but there is a certain margin 
possible, for by using the air-cock partly closed, the amount of 
oil passed is increased. This practice, however, is not recom- 
mended, as, if carried too far, it impairs the efficiency of the 
apparatus In many ways this alteration has (compared with 
previous results obtained) proved successful, a saving of oil 
being effected, and a more permanent gas of uniform quality 
produced. During an ordinary run, the pressure gauges of the 
generator, carburetter and superheater are all on a level (see 
diagram), and the stack valve is usually opened without the 
escape of oil vapours within thirty-five seconds of the oil being 
shut off. There has not been any trouble with carbon in the 
carburetter, which keeps very clean, except for dust coming 
over from the generator, and although hitherto this has been 
got over by removing the brick chequer work occasionally, it 
will probably be better to blow this dust out in some way in 
future. New chequer work for a time absorbs some of the oil 
vapours, and the lining of the carburettor and the pipes leading 
into same from generator, require attention occasionally, and it 
is advisable to have the covers off at the base of the vessel each 
time the set is shut down for changing over, to prevent dust 
blocking. Likewise, the blast, or second«ry air valve on car- 
burettor has to be remembered. In working, the he:»t of 
carburettor should be carefully watched, since the heats 
required for different oils vary considerably. Too high a heat 
means the production of lampblack or carbon, and too low a 
heat, excessive production of tar, with semi-permanent gas. At 
Tottenham it is reported that too high a heat in the carburetter 
resulted on one occasion in naphthalene trouble in the distribu- 
tion, and the reason for this it would be interesting to know. 

Coming now to the superheater, this is sometimes considered 
a superlative vessel. Theoretically it would appear that a 
gradual increase of heat from top of carburetter to top of 
superheater ought to be correct, but for volatilisation in prac- 
tice this is difficult, for it would nienn ** banging " at the stack 
valve and other troubles. A '* too hot " superheater is a great 
nuisance in water gas manufacture, but with care this can he^ 
avoided. Every set will have peculiarities, and for some reason 
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No. 1 set at Hastings has always been hotter than Na 2 in 
work, and especially with regard to the superheater. Oil 
vapour burning at the stack, too much blast on generator in 
blowing up, and leaving the set standing with generator top 
door open, are fertile sources of this trouble, and edso, during 
clinkering, there is time for the superheater to get very hot, 
and therefore the operation should be promptly carried out. In 
regular work with uniform make the heat of the superheater is 
kept under control by the work done in the conversion of any 
oil vapour passing forward from carburettor. A hot superheater 
can be remedied in several ways, by regulating quantity of 
producer gas carefully, or by making short blows, and so 
cooling the carburetter that the gasification of a considerable 
amount of oil vapour has to be done in the superheater. It is 
a good plan to test the gasification of the oil at a test-cock on 
the superheater, and a brown stain, free from oil spots, on white 
paper in the last minute of the run is considered satisfactory. 

Stack valves are apt to give trouble, especially when 
working with some tarry oils, but with a little perseverance the 
leakage can be reduced to a minimum, and it will be found 
advisable to clean the faces after the plant has been standing 
for a while, for then the tarry substance will have lost its sticky 
or gummy nature and be converted into carbon, which will 
iBcrape ofi; The centre pin of this valve may get brittle and 
break in course of time, so a spare one should be handy. No 
other trouble has been experienced, but the cover plates are 
occasionally removed to examine chequer work, and see that 
dust is not accumulating. With a clean set very little smell 
need be caused by the blowing up, beyond now and then a 
slightly sulphurous odour in the immediate neighbourhood, but 
the fine dust is apt to become a nuisance. A moderate blast 
presumably minimises this, and it is found advisable to clear 
the roof and gutters regularly, especially in very dry weather. 

The outlet for gas from superheater to washer or back (down 
take) pipe requires cleaning every two or three weeks, and an 
examination even weekly is time well spent, for an unusual 
amount of carbon would at once indicate that the heat of the 
set had been too great for the oil. It is, however, important to 
distinguish between carbon as soot (the result of excessive heat) 
and the carbon which must of necessity form a coating to any 
pipe through which it passes under some pressure and at a high 
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temperature. Of this latter, abont a bushel is removed at each 
cleaning. The oil heater coil is placed in the hsuck pipe, and a 
slight coating of carbon to this is, doabtless, a valnable protec- 
tion. As the back pipe seals in the washer on the ground floor, 
when cleaning care has to be exercised that no deposit falls and 
blocks the dip pipe. The washer, in order to prevent deposits 
in the bottom of same, has a useful scavenger arrangement 
which is operated from the stage, and a good supply of circu- 
lating water is also connected. The washer requires periodi- 
cal cleaning, and when this is done, it is flooded with the 
lower part of the scrubber up to a certain level, as in- 
dicated by a pet-cock. By this means all gas is expelled 
from the washer, and no gas can come back owing to the 
water seal at base of scrubber. It is, however, important to 
see that the bottom valve of scrubber is sound, which can be 
done by means of the pet-cock already mentioned. In this 
operation it is unnecessary for the men to enter the apparatus 
in any way, a practice which should be strongly guarded 
against, for crude water gas is very apt to remain about for a 
long time. The liquid from the washer passes into a seal-cup, 
and hence by a 4-inch pipe to the separator. The seal of the 
washer is adjustable, and a good stream of liquor should be kept 
running through the seal-pot, where it can be observed both as 
regards character and quantity. For night work electric light 
is provided at this point, as a naked light would be dangerous. 

From the top of the washer the gas enters the bottom of 
the scrubber, a .rectangular vessel containing wooden grids, 
down through which a stream of circulating water is kept 
running. The water enters the distributing arrangement by 
way of a pipe syphon, and has been always used in regular 
quantities. The character of this liquid is very important, for 
the presence of too much tarry matter will certainly cause 
trouble by blocking. A supplementary water supply is con- 
nected to each scrubber, and all liquid escapes by way of the 
washer and its seal-pot to the separator. The temperature of 
the gas at the outlet bend of the scrubber is at present the only 
guide to the heat of, the set, and, as observed during a run, 
rises to about 172^ Fahr. with ordinary oils. Some reliable 
and practical method of being able to ascertain the temperature 
of the vessels of the set would be a great advantage, instead of 
having to trust to the eye and the heat of the gas. 
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Excessive washing or scrubbing of the gas should be ayoided, 
and, indeed, it has been proposed to work the scrubber prac- 
tically dry, but so far time has not permitted any careful 
inyestigations on the point. 

From the scrubber the gas passes to the water-tube con- 
denser, which is under cover, and was designed to serve both 
sets working simultaneously, if desired. A by-pass main is 
provided, as also a tar seal-pot, communicating with the tar 
division of the separator. This seal-pot has a water supply 
laid on, and is periodically inspected, but has given no trouble, 
the tar keeping very fluid. It is endeavoured to keep the con- 
denser at 60^ Fahr. on the outlet, but during the hot weather 
this cannot be done, even though well (very cold) water is 
pumped through its tubes to the overhead boiler-feed and 
cooling tank. Experience in this direction goes to show that 
a water-condenser is not the most suitable for water gas, and 
a plain 12-inch pipe condenser has been erected to improve 
matters. This introduces frictional condensation, and effects a 
reduction of about 5 to 10 degress in temperature, according to 
weather, but increases the pressure about three-quarters of an 
inch. A smedl amount of oily tar is deposited therein. 

As already mentioned, the circulating water from the 
Washers and scrubbers, and tar from condensers, has to be 
dealt with in the separator, and in this connection most of the 
troubles of water gas manufacture will arise. The separator 
now concerned is a steel vessel in a brick and concrete tank, 
and covered in with timber to avoid annoyance to the neigh- 
bours in the way of smells, the tar being very pungent. It 
is divided transversely with partitions, and has strainers 
and an inclined bottom, in order for the tar to gravitate 
to the proper compartment. The separation, so far, has not 
been satisfactory, but it is not in any way an easy matter. 
For one thing, the apparatus is evidently too small, and is 
kept too much agitated when the plant is working day and 
night Better results are obtained when only one shift is 
worked, allowing the liquid to stand some ten or twelve hours, 
and in view of this it is intended to provide another tank into 
which the mixture can be pumped to separate. From this 
proposed additional separator a new pump will be fixed, to 
raise the tar up to the siding level for sending away. Coal 
gas liquor has been tried to assist separation without much 
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success, but it was noted that when first the cooling water from 
the jacket of the air-compressor (used for improved carbu- 
retter) was added to the hot effluent from the washer-seals, 
the separation was better, but as this produced too much waste 
water it has been discontinued. 

It should be noted that the liquid from the syphons of the 
plant is put into the separator, thereby adding a considerable 
amount of water, with some oiL Such tar as is produced is 
either burnt (not yery successfully, owing to the contained 
water), thrown upon the coals, or sent away to the contractors 
who take the ordinary tar. The oily tar is not an acquisition 
in the retort house, although it undoubtedly does improve the 
illuminating power, and that sent away has contained 50 to 60 
per cent, of water, which should be remembered in comparing 
the figures given under the liquor made. The percentage of 
water in water gas tar varies in a very remarkable degree, and 
it is a point to which very careful attention will be given as 
time permits, for it is obviously most important to convert the 
oil into permanent gas, and not oily tar. The amount of tar a 
given oil produces under the best conditions of heat, &c., has 
to be considered in comparing the relative values of different 
oils. The water circulating through separator, washers, &c., 
has to be pumped at very high temperatures (about 170^ 
Fahr.), and hence troubles will arise. This water can be 
cooled somewhat by being passed through a coil in the feed- 
water tank on the way to its compartment of the same over- 
head tank, but, notwithstanding, very considerable wear and 
tear on the pumps has been experienced, the liquor attacking 
cast iron and steel with great vigour. The amount of water or 
liquor ^^ makes up " somewhat, and the surplus is disposed of 
by evaporation under the retort fumaoe ash-pans, but care has 
to be exercised to see that the liquor is free from oil, and only 
specially appointed men are allowed to deal with it. 

For better separation a centrifugal machine has been sug- 
gested, and this will, perhaps, have to be eventually tried. It 
is part of the engine-man's duty to look to the separator, and 
he has to see that there is a return flow from the supply tank, 
an operation at night-time which should not be done with a 
naked light, and again electricity is made use of. For use in 
the unhappy event of fire coal-gas liquor is connected close at 
hand, and a supply of sand is also kept ready. 
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The gas from the condensers passes direct into the relief 
holder, the contents of which are conveniently shown on an 
indicator in the engine-room. When first the plant was started 
much oil collected in the holder, and on one occasion a quantity 
escaped by way of the water overflow pipe^ and caused many 
complaints in the town. Steps were at once taken to prevent 
this again occurring, but very little oil appears to be so de- 
posited now. 

Originally the crude water gas was drawn from the holder 
through the meter by the coal gas exhausters, some distance 
away, and added to the coal gas at the outlet of the condenser, 
or at a point on the foul main from No. 1 retort-honse. This 
plan was convenient, but it was bad for the illuminating power, 
and caused other troubles, so that now a new exhauster in the 
engine-room of the plant draws the gas from the relief holder 
and forces it through the purifiers. 

As will be understood from the preceding paragraph, the 
water gas used to be purified in conjunction with the coal gas, 
and in the same boxes, but as the Hastings Gas Company has 
to work under the Sulphur Clauses this plan was not a success. 
The oxide-boxes got very oily, resulting in their giving pres- 
sure, and the extra COs (carbonic acid) in the water gas quite 
upset the lime-boxes on several occasions, although it should 
be understood that the purification was really carried out for 
short periods successfully, working this way. Once during the 
time the '* sulphur " went up to a very high figure, which was 
found to be due to sulphurous acid, evidently driven off in the 
oxide-boxes (which were not often used afterwards). For the 
past eighteen months, or so, the purification has been carried 
out in part near the plant itself, two old 20-foot purifiers being 
made use o£ From these the gas passes into the outlet main 
of ttie coal gas lime-boxes, and the mixed gases are dealt with 
in the catch-boxes Nos. 7, 8 and 9 ; No. 7 being lime and Nos. 
8 and 9 oxide. It is not easy to remove the last traces of HaS 
from the mixed gas, especially under some conditions, and 
although the boxes may give a clean lead-paper test, a slight 
trace may be obtained in a twenty-four hours' test. Some oil 
used to be deposited in this mixing main before the improved 
carburetter was adopted, but now the condensation from the 
syphons thereon is only slightly oily. It is a curious thing, in 
view of the nature of the gas, that water gas should carry so 
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much aqueous rapour, but that this is so can be readily demon- 
strated by testing with slate on the outlets of ooal and water 
gas lime-boxes respectively. If this water vapour goes forward 
in the mixed gas, as is probable, and comes down with change 
of temperature, It would be a means of assisting the deposition 
of naphthalene, if present in the coal gas. For purification, 
both lime and oxide have been tried, separately and conjointly. 
With the purifiers trouble at once arose, owing to oil being 
deposited on the bottom layers of the material therein, and to 
overcome this, in some measure, coke is introduced into the 
space below the fii;3t row of grids with satisfactory results. 
The coke is changed once or twice a year, although, at the 
present time, comparatively little oily matter reaches the puri- 
fiers, which are used in rotation. 

Oxide appears to have, and especially so when new, a very 
marked detrimental effect on carburetted water gas, and b^ 
comes sticky with oi), which, however, disappears to some 
extent during revivification in the atmosphere. Air can of 
course be drawn in with the gas to assist matters, and this 
was one point considered to be in favour of using air for 
atomising the oil in the improved carburetter. (How much 
of the two per cent, of air passes into the purifiers is a 
doubtful point, under investigation.) 

Generally speaking, when oxide is used for purification, the 
COa in the gas would be ignored, the volume of purified gas 
being benefited to the amount of the same. At Hastings, 
however, oil, owing mainly to transport, is very expensive, and 
may be considered at present time at no less than 4(2. per 
gallon. Thus it becomes a question which is the more econo- 
mical plan, to use more oil, or remove the GOa, and the latter, 
having been found to be advisable, lime has, as a rule, been 
used. 

Such investigations on the point as it has been possible to 
make up to the present time, tend to show that the illuminating 
power of the carburetted water gas is diminished by } to 1 
candle for every 1 per cent, of COa therein. Thus, as lime 
purification for water gas costs from 2^^ to 3 times as much as 
for coal gas (say, lyi, per 1000 cubic feet at Hastings), it is 
obvious from a rough calculation that it is cheaper to purify 
from, than enrich to compensate for COa, for under most favour- 
able circumstances the^ illuminating power would be reduced 
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3 candles by the COa, and oil to compensate would cost 2J. 
(against l^cZ.), added to which there are other practical diffi- 
culties in raising the enrichment to the necessary extent. 

Lime in one box and oxide in the other has been tried, but 
as the boxes have to be worked in rotation, this method was 
not satisfactory. In full work on an average each of the two 
limes has to be changed once a week and are run until the GO2 
on the outlet has reached 0*4 or 0*5 per cent, and the HaS is 
quite strong. These impurities are further dealt with at Nos. 
7, 8 and 9 boxes already mentioned. COa and H3S going into 
a lime box cause, owiug to the chemical reactions, great rise of 
temperature. This is very undesirable, and especially in 
summer time, when after the temperature of the gas has been 
reduced by the condensers, it is raised again by the purifiers, 
and it is possible another plain condenser, or rather cooler, will 
have to be erected on the outlet of the purifiera The two 
additional 30-foot purifiers now being erected may, however, 
be of some benefit in this connection. Experience will decide 
the best plan of working, but probably it will be an oxide and 
a lime alternately, for the connections are designed (see 
drawing) with a view to the four purifiers being worked in 
rotation, either Nos. 1 and 2 first, and Nos. 3 and 4 last, or 
vice versa. 

It is hoped to reduce the cost of purification by using some 
oxide as well as lime, and relieve the other purifiers Nos. 7, 8 
and 9 of work they have hitherto been called upon to perform* 
The disposal of the spent lime has to be considered, for it will 
always be slightly affected with oil, and although no serious 
difficulty on this account has been so far experienced, it is 
another inducement to reduce the amount of lime to a mini- 
mum. 

Changing carburetted water gas purifiers requires consider- 
able care, if nuisance is to be avoided, which is not always easy 
when the neighbours watch the operation from their bedroom 
windows, a remark, perhaps, those present who know the 
Hastings Gtas Works can readily appreciate. 

It is now the practice to allow a box that is to be changed 
to stand off some time previous to the cover being raised witi/ 
the air-plug open, and air can be forced through by the flEms. 
(It is unwise to have a permanent connection for this operation, 
as gas might get back into the fans, which it should be remem- 
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bered are in direct oomm\inication with the generators.) By 
such means the spent lime cools, and can be removed without 
much trouble, except in wind j weather, when tlie lime, being 
80 dry, it flies about, and the men have to wear eye- protectors. 
It will probably be agreed that the success or otherwise of a 
carbaretted water gas plant of any kind, depends greatly upon 
bow it is managed, and this being recognised, the importance of 
skilled supervision becomes evident. The uniformity of results 
obtained may also in some measure be taken as a criterion of 
the efficiency of the supervision, for all practically acquainted 
with this manufacture will appreciate how difficult of accomplish- 
ment this really is, and particularly so under some conditions. 
In this connection it may be interesting to give a copy of an 
actual working (operator's) sheet with the corresuponding CDgine- 
room sheet. As judged by Hastings practice, this is a good 
sheet, some, of course, being better, and some worse. Thi» 
particular one has been selected since a Member of this Insti- 
tution actually saw the plant at work on the day in question. 
Primarily intended for the enrichment of the coal gas, the 
water gas plant is worked accordingly, the illuminating power 
made being regulated as desired to give 15| to 16 (15 is the 
standard) candles on the mixed gas at the meter, where it is 
tested hourly in preparation for the night consumption. This 
plan of testing entails considerable work, but the results are 
most satisfactory. For about five months of the year a night 
and day shift (10 hours each) are worked, but a day shift only 
in the other seven months. The ordinary shifts allow about 
20 per cent margin in case of emergencies and repairs, but 
doubtless it may be said that the plant under these circum- 
stances is not worked to the best advantage, which is admitted 
so far as results are concerned. The local circumstances, how- 
ever, justify the arrangements stated, and indeed, this last 
winter coke has been so short that the quantity used in the 
plant could have been easily disposed of at a good price. The 
two hours' interval between shift and shift in winter has not 
been found to be of any practical consequence, but it is other- 
wise with the 12 or 14 hours' interval in summer. The greater 
part of the testing having to be done during the daytime, care 
has to be taken that returns for the night shifts do not influ- 
ence the results obtained, and this is done by keeping the oil 
used per 1000 cubic feet as near as possible to the same figure 
as on the day shift. 
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(0. W.)-OIL GAS PLANT. 

EvGors-BooM Shut. 

Date, 7fh day of FebroMry, 1809. Day Shift. Man, T. Milk. 



Hour. 


iDdaof 
IMer. 


Made. 


Slodk. 


Meter 
TsDnpsntore. 


Oondenien. 




Oauloor. 


6ajn. 


19,608 


•« 


8000 


•• 


•• 






7 „ 


• • 


•• 






•• 


•• 






8 „ 


19,628 


25 






71 


56 






» n 


19,653 


25 






72 


56 






10 „ 


19,670 


17 






72 


58 






11 » 


19,690 


20 






71 


58 






12 noon. 


19,712 


22 






72 


58 






I p.m. 


19,783 


21 






72 


58 






2 • 


19,754 


21 






78 


60 






8 » 


19,777 


28 






73 


60 






4 n 


19,801 


24 






74 


60 






« » 


19,805 


4 






•• 


•• 






6 . 


•• 


•• 






•• 


«• 








202 











Meaaorement— 



(HI reoeived— 
Put in No. Tank. 
Kind- 
Oil naed^ 

Out of No. 5 Tank, from 10} inohes, Meaanrement— 3} inches. 
Kind— Amerioan. 
Bemarkfl, rs Oil— 
Tar niad&— 5 BaneU (200 Gallona). 
Water made— 6 Barreb (240 Gallonf). 
Level of Separator^from 6 inohea to 2 inohei. 
Air Meter— End of Shift •• 6088 
Beginning of Shift 6038 



Used .. .. 

Bepairs done or required — 
Fnriflen ohanged— 



4500 
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HASTINGS AND ST. LEONABDS GAS W0BK8. 



Sheet No. 








Gas Meter Index. 






Date— 7th Feb. 








AtendofShift-19,805. 






Shift— Day. 








At beginning of Shift— 19,603. 




No. of Generator — 1. 






Total Gas inade^202. 


















Coke 








No. of 


Time BiMt 


Daration 


Time Ste«m 


Dnratlon 


charged 


Oilnned 


Oasmade 




Bun. 


tamed on. 


of Blast. 


turued on. 


of Ban. 


into 


per Ban. 


per Bun. 
















Generator. 










h. 


m. 


mlna. 


b. 


m. 


mlnB. 


cwt 


gallB. 


cab. feet. 




1 


6 


25 


6 


6 


31 


7 


6 


• • 






2 


6 


38 


9 


6 


52 


7 


6 


• • 






3 


6 


59 




7 


3 


7 




. . 






4 


7 


10 




7 


14 


7 




1500 


4-750 




5 


7 


21 


10 


7 


81 


7 




•• 






6 


7 


38 




7 


42 


7 




•• 






7 


7 


49 




7 


54 


7 




• • 






8 


8 


1 


10 


8 


11 


7 




• . 






9 


8 


18 




8 


22 


7 




. i 






10 


8 


29 




8 


38 


7 




. • 






11 


8 


40 


10 


8 


50 


7 




•• 






12 


B 


57 




9 


1 


7 




. • 


5-Ik)0 




13 


9 


8 




9 


12 


7 




*• 






14 


9 


19 


10 


9 


29 


7 




•• 






15 


9 


36 




9 


40 


f 




•• 






16 


9 


47 




9 


51 


7 




•• 


4 875 




17 


9 


58 


10 


10 


8 


7 




• • 






18* 


10 


15 




10 


19 


7 




•• 






19 


10 


26 


10 


10 


36 


7 




• . 


4 -goo 




20 


10 


43 




10 


47 


7 




•• 






21' 


10 


54 




10 


58 


7 




•• 






22 


11 


30 




11 


84 


7 




•• 






23 


11 


41 




11 


45 


7 




• • 






24 


11 


52 




11 


56 


7 




•• 






25 


12 


3 


10 


12 


18 


7 




• • 






26 


12 


20 




12 


24 


7 




•• 






27 


12 


31 




12 


35 


7 




•• 


4-870 




28 


12 


42 




12 


50 


7 




• • 






29 


12 


57 






1 


7 




• • 






80 




8 






12 


7 




«• 






81 




19 


10 




29 


7 




• • 






82 




36 






40 


7 




• • 






83 




47 






51 


7 




• • 






84 




58 




2 


6 


7 




•• 


4-882 




85 


2 


13 




2 


17 


7 




• • 






86 


2 


24 




2 


28 


7 




• • 






37 


2 


35 


10 


2 


45 


7 




• • 






88 


2 


52 




2 


56 


7 




•• 






89 


3 


3 




8 


7 


7 




• • 


4-868 




40 


8 


14 




3 


22 


7 




•• 






41 


8 


29 




3 


33 


7 




• • 






42 


8 


40 




3 


44 


7 




• • 












81 





Total GaA made (uncorrected) . . 202,000 Oil used, per 1000 
Fuel used in Generator, per 1000 lbs. 44*91 Gas made per run 

American Oil. 



galls. 3-09 
eft. 4809 
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O.W.G. 


PLANT. OPKKATOB'S SHEET. 










Oil Meter No. 2 Index. 


Total Coke 


Operator — J. Tanner. 




At end of Shift— 236,045. 

At beginning of Shift— 235,419. 

Total Oil nsed— 626. 


uBed. 


Atomiser No. 2. 


Tone. Cwt 
4 1 


Bepaire— Nil. 






Illami- 
nating 
Power. 


00« 
(Parifled 
GajB)per 


GOs 


Steam 


Tempera- 


Time 






Oil per 

1000. 


(Unparl- 
fledOas) 


Preasare 
at 


ture of Gas 
at Outlet of 


Apparatua 
not 


REHARKa 






Cent. 


percent 


Generator. 


Scrubbers. 


Ruuiing. 




galla. 


candlOB. 






^v/v 


deg. Faht 


mliw. 






• • 


• • 


.. 


• • 


90 


. . 


• • 






««. 


• . 


• • 


3-4 


98 


. . 


5 


Cleaning Top Valve. 






• • 


• • 


. . 


95 


162 




Down Run. 




3 -15 


« . 


• • 


•• 


98 


• • 










•• 


• . 


• • 


95 


•• 






■ 




• • 


a • 


. . 


98 


• • 




n 






• . 


• . 


. . 


98 


•• 










* * 


. . 


• * 


100 


.• 










. • 


* . 


• . 


100 


•• 




II 






. . 


• • 


. . 


98 


.. 










• • 


• • 


• • 


100 


. . 








3' 07 


. . 


• • 


.. 


95 


170 




II 






. • 


. . 


* . 


95 


• • 










. • 


• . 


3-2 


100 


• • 










20-30 


0. 


• . 


96 


• • 




H 




3-08 


•• 


• • 


• • 


95 


•• 




WW 






. • 


. . 


. • 


96 


•• 




■ 






•* 


• • 


. • 


100 


.. 








3-04 


•• 


• • 


• . 


100 


• • 










•■ 


• . 


.. 


98 


• . 










•* 


• • 


•• 


95 


170 










•• 


• • 


• • 


95 


. . 


25 


Glinkering Fire. 






• • 


• • 


• . 


95 


. . 




Down Run. 






• . 


• • 


• . 


97 


• • 










20-53 


. • 


. » 


96 


• . 






• 




20-91 


N.Ph. 


• • 


100 


• • 




II 




3-06 


• • 


•• 


. . 


93 


• . 




F' 






•• 


. • 


. . 


95 


*• 










•• 


. . 


• • 


93 


170 




■1 






•• 


•* 


•• 


95 


. » 










•• 


. . 


• . 


100 


•• 










.. 


. • 


•• 


100 


•• 




II 






. • 


•• 


• • 


95 


. . 








3- 06 


. • 


•• 


a . 


96 


•• 










. • 


. . 


.. 


95 


. * 




n 






.. 


* . 


. • 


93 


•• 










• • 


. . 


.. 


98 


•• 










. . 


•• 


3-4 


94 


172 




ti 




3*66 


20-59 


. . 


• • 


95 


• • 










20-58 


N.Ph. 


•• 


98 


•• 










•• 


•4 


•• 


100 


. . 




It 






•• 


•• 


* * 


100 


• . 






Illuininatiiig Power .. oand 


lee 20-58 


Oandles per gallon 6*64 


( 


CX), .. 




per oen 


t. 3-33 


r* 


» 


n 


per 1000 1328 
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The two ordinary shifts produce gas equal to aa ayerage of 
five ooal gas retort beds (14 or 15 men), and the reserve is equal 
to another retort bed. This is, of course, an important aspect 
of the matter, and the value of the plant was strikingly illus- 
trated in the recent spell of cold weather in March. Twelve 
retort beds were in use, and the plant was working long (12 
hours) day shifts, with a good stock of gas in hand, but with 
snow on the ground the consumption went up by leaps and 
bounds, and the position would have been critical ere three or 
four retort beds could have been got into work and men found. 
As it was the plant was worked full until the crisis was over. 
It was during this period that gas was sent out containiQg 
upwards of 36 per cent, carburetted water gas, the highest 
reached as 33^ per cent, of the daily maximum make is all that 
is usually desired. 

It is preferred to supply coal gas from down to within an 
hour or so of sunset, and coal gas enriched with carburetted 
water gas during the lighting hours, a plan which can be 
readily carried out, except just at midwinter, when the gas will 
be the same practically throughout the 24 hours. In this way 
the consumers get good illuminating power when really re- 
quired, and water gas at Hastings has enabled the candle 
power to be maintained in a way never attainable before, and 
the sulphur compounds to be reduced to a minimum. No 
trouble of any serious kind has been experienced beyond its 
having been found desirable to increase the pressures at the 
works, to overcome the sluggishness of the mixed gas, as com- 
pared with coal gas, and the difference in the day and night 
gas may affect gas engines, unless these have been adjusted 
accordingly. 

At this time of the year, whea the plant is only worked one 
shift, the percentage of water gas is not correctly represented 
by the percentage of the daily total gas made, for it is only 
added to the coal gas during the day for consumption the same 
night. In this way a considerable percentage might now and 
then be used, a point of importance in view of proposed restric- 
tions on the amount of carbon monoxide or carbonic oxide 
(00). 

Thus, while in water gas for enriching purposes it is found 
most desirable to reduce the GO3 to a minimum, it would be 
a positive disadvantage in regard to the CO if restrictions are 



PBAOTICAL WOBKIVQ OP CASBUBSTTieD WATSR GAB. 157 

to be made, for CO^ and CO Tary, as 1 to 2 in the case of the 
redaction of COa to CO. 
Thus :— 

COa + C =2C0. 

41 +12 >=56. 

22*32 vol&ss 44*64 vols. 

If, therefore, the gas contains 4 per cent, of 00^ and 30 per 
cent CO, reducing the COa to 2 per cent, increases the CO to 
34 per cent 

When CO is burnt to COa, curiously enough there is not 
any alteration in volume, thus : — 

2 vols. CO + 1 vol. = 2 vols. 00,. 

The volume of CO varies from 30 to 34 per cent, in purified 
water gas, as against, say, up to 9 per cent, in the coal gas. In 
view of these figures it will be evident how a limit of 12 per 
cent CO would seriously interfere with arrangements which so 
far have been highly satisfactory to all concerned. A mixture 
of 66f per cent of coal gas and 83^ of water gas, as already 
described, would give (66f x 9 + 33^ x 30) = 16 per cent 
CO. This, too, is only an ordinary case, and has not any 
regard to emergencies. Testing for the amount of carbon 
monoxide is now a matter of importance, and even with 
probably the most convenient apparatus (Hempel's) takes con- 
siderable time, which is of consequence in medium size works, 
not large enough to employ an analyst entirely. Although 
other tests are talked of, the only general absorbent for CO 
now in use is a saturated solution of cuprous chloride (Cua Cla) 
in hydrochloric acid (Hd.), but this is rumoured to give high 
results. In the ordinary way of making the test the COa, SHa 
if present, have to be removed together with oxygen and illu- 
minants before the GO, and investigations are, therefore, now 
being made with a view to ascertain whether it is not possible 
by the direct application to the gas of a suitable strength solu- 
tion of cuprous chloride to absorb the CO in preference to the 
other constituents. Some of these are aflfected by a saturated 
solution (oxygen, acetylene and the ethylene group). So far 
it can only be said that 10 grams of cuprous chloride in one 
litre of hydrochloric acid results in a solution, which, when 
fresh, yields concordant results (if anything, giving results 
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slightly less than the actaal) when used on purified carburetted 
water gas, as per results as under. 



Date. 


Abiorption 
by Special 
Solation. 


co^. 

as shown by 
Ordinary Test. 


DUTerenoe. 


Bamaika. 


1899. 










March 29th 


/ (a) 82-4 
\ (6) 32-4 


• • 

• • 


• • 




AprU 10th 


31-6 


320 


•4 




„ 12th 


82-6 


82-6 


NU. 




„ 13th 


33*4 


83-8 


•4 




„ 14th 


32*0 


32*4 


•4 





See Appendix lY., A and B, for other tests re carbon monoxide. 

The labour on the plant is as follows. The operator in 
charge, who works the apparatus and looks after all on the 
stage, the coke lift and overhead circulating tank : he assists 
in the dinkering, and has definite instructions to report im- 
mediately any defect or abnormal circumstance in the working 
of the plant. The engine-room man is responsible for all on 
the ground-floor, with separator, oil supply, &c., and assists 
with coke supply and clinkering. The coke-man takes part in 
the clinkering, assists in keeping the plant clean, and brings 
the coke from the yard; he also removes the generator ashes 
and other fuel to the boiler house. Another man, from the 
coal-gas section, assists at clinkering, making four men at this 
operation. All the steam for the whole of the works comes 
from the same boilers, and it has been found, by careful mea- 
surements of the water used, that the proportion of steam 
required by the water gas plant is about one-third of the whole. 
It may be of interest to note that in full work this means about 
6 gals, of water for 1000 cubic feet of water gas made. Calcu- 
lated on a production of 200,000 cubic feet per shift, the cost 
of the labour just described for manufacture (including half the 
boiler-men's wages, not one-third) may be taken at Id. per 
1000 cubic feet Similarly, the purification costs about *33 of 
a penny (labour only). The heavy wear and tear has already 
been referred to, and a fitter is, practically, entirely engaged 
on the work. The average labour (including proportion of 
boiler repairs) may be considered as about * 33 of a penny per 
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1000 cubic feet. It is only fair to state that some wear and 
tear has hitherto been altogether exceptional, and is being 
remedied. The total recorded cost of material required for 
repairs and spare parta since the plant was started has been 
about 250/., and 135,000,000 of gas baviug been made, this is 
equal to * 45i. per 1000 added to the labour ; this is a total for 
wear and tear of -78^. per 1000 cubic feet. The addition and 
alterations to the original plant have cost about 600Z. (exclu- 
sive of new purifiers). The cost of supervision is not great, 
being undertaken by the existing staff. Careful supervision 
repays itself in many ways. Thus, a quarter of a gallon of oil 
per 1000 cubic feet inefficiently used, or more than necessary 
for the required enrichment, would mean a loss of 21. IQs. in 
one shift at Hastings, an amount which would pay for a large 
amount of supervision and testing. 

For comparisons between respective water gas plants to be 
of any real value it is most important for aU the influencing 
conditions to be clearly shown. 

Thus, the comparison will be influenced by : — 

1. The size of the plant. 

2. The purposes for which the plant is used (enrich^ 

ment, &c.). 

3. The kind of oil used. 

4. The temperature at which the gas is measured. 
6. The purification (whether CO, is eliminated). 

6. The point and temperature at which the gas is 

tested. 

7. The mode or standard of testing. 

8. The amount of tar produced. 

At Hastings, to summarise, the gas is corrected for tem- 
perature (the meter being unavoidably fixed in a very unsuit- 
able position), is purified for GO2, and is tested, under the most 
severe conditions, a considerable distance away. The standards 
employed are: (a) candles; (h) 16-candle peutane; and (c) 
Simmance's one-candle. The latter (c) gives somewhat higher 
results than the others. The water gas is consumed for the first 
test (a) in a Su<rgs's 20-candle standard argand, and for (I) and 
(c) tests, in a No. 1 London argand. 

All the tests are corrected for temperature and pressure in 
the usual way, but this results in very funny figures at times. 
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Theoretically^ of course, it is quite right, bat there are times 
when gas made one day will t^t better the next, owing to the 
alteration in the tabular number, the gas evidently not exactly 
following the theoretical conditions. The temperature at which 
the gas is tested is under control usually, but no such control 
exists in regard to the atmospheric pressure, which varies to an 
extent not always perhaps conceived, with the resultant altera- 
tion in the tabular number for correction. The point at which 
the gas is tested is important. The connection to laboratory is 
taken off the water gas main just before its junction with the 
mixing main, and the gas is passed through a small oxide purl- 
fier to remove any traces of HaS. 

The endeavour is to produce as permanent a gas as possible, 
which the condition of the mixing main and purifiers Nos. 7, 
8 and 9 is considered to prove is the case. 

Thus, in the ordinary way, tests obtained on the separate 
photometer at the plant correspond practically with those re- 
corded in the laboratory. If, however, the operator's test-light 
(the gas from outlet of condenser is passed through a small 
lime purifier on the stage for this light) is connected to the 
photometer at the plant, the results obtained are some ten per 
cent, and more, higher than the laboratory, and the difference 
nsed to be very much more marked. Ten per cent, added to 
the oil values given would materially improve the same. Pos- 
sibly something might be done in the way of returning some 
partly purified coal or water gas to the condenser with advan- 
tage, and this point will be investigated. 

There is, without doubt, an efiSciency limit to the illumiuat- 
ing power of carburetted water gas, and obviously the more oil 
per run used the more work the set has to do. As to the limit, 
opinions will of course differ, but does it not vary according to 
the oil used ? The gas is, after all, to a large extent a me- 
chanical mixture, and part of the oil may be considered to be 
mechanically suspended by the non-illuminating constituents. 
If this is so it is only reasonable to suppose that such consti- 
tuents can only carry a certain amount of oil properly, and any 
more will be deposited or wasted. The illuminating power 
required at Hastings varies from 18 to 22 candles, and it is 
preferred to have to make the lower quality. Both Bussian 
and American oils have been used, as will be seen from the 
weekly summary of results. The American oil has given 
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rather better illuminating value, but has a low flash-point 
compared with Russian Solar Distillate. 

The best results have been obtained from some (discoloured) 
refined American petroleum, which was very eletui in working, 
made little tar, and a high illuminating power gas. Its use, 
however, is attended with more risk than the other oils men- 
tioned. There are two modes of expressing the oil value. 

1. Candles per gallon = 

Illuminating power of gas in candles. 
Oil used in gallons per lOOU cubic feet. 

As ^^ ^•^' 






3 gallons per 1000 cubic feet 
= 7 candles per gallon. 

This is a simple method, and useful to calculate how much 
oil is required to give a certain candle-power gas when the 
value of the oil in candles per gallon is known. 

2. Candle-feet per gallon «= 

Gras made X illuminating power. 
Oil used X 5 cubic feet. 

. 200,000 X 21 
600 X 5 

= 1400 candle-feet per gallon. 

This method is preferred, as perhaps more scientific, for it 
will be seen that the 5 cubic feet per hour rate, as used in the 
standard tests is taken into account It may also be noted that 
candle-feet per gallon is 200 times greater than candles, per 
gallon. 

A list of candle-feet per gallon values is given here, and 
the operator tries to reach 1500 candle-feet in his working per 
gallon of oil, but this value is not often obtained. The highest 
weekly record is 1483 candle-feet when making 18 -19 candle 
gas with a very favourable tabular number (under '950). 

As will be seen, the average value, as returned, is more, 
about 1300 = (6'5 candles per gallon). 
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TaBLK 8H0WIH0 THB iLLITMIKATIira POWXB THAT SHOULD BB OBTAIHXD WITH 

Yabious Quahtitibb of Oil Usbd at Ditfbbbnt Oil Yaluis. 





ninminatlDg Power. 


oil 

per 1000 
cubic feet. 


OUTaIimb. 




1300 


1360 


1400 


1460 


1600 


20 


13-00 


13-50 


14-00 


14-50 


15-00 


2-1 


13-65 


14-17 


14-70 


15-22 


15-75 


2-2 


14-30 


14-85 


15-40 


16-95 


16-50 


2 3 


14*95 


15-52 


16-10 


16-67 


17-25 


2-4 


15-60 


16-20 


16-80 


17-40 


1800 


2-5 


16-25 


16-87 


17-50 


18-12 


18-75 


2-6 


16-90 


17-55 


18-20 


18-85 


19-50 


2-7 


17-55 


18-22 


18-90 


19-57 


20-25 


2-8 


18-20 


18-90 


19-60 


20-30 


21 00 


2-9 


18-85 


19-57 


20-30 


21-02 


21-75 


80 


19-50 


20-25 


21 00 


21-75 


22-60 


31 


20-15 


20-92 


21-70 


22-47 


23 25 


8 2 


20-80 


21 60 


22-40 


23-20 


24-00 


3-3 


21-45 


22-27 


23-10 


23-92 


24-75 


3-4 


22-10 


22-95 


23-80 


24-65 


25-60 


3-5 


22-75 


23-62 


24-50 


25-37 


26-25 



Surprise has been expressed that better results are not 
obtained from the oil with the improved carburetter than 
those given. It will have been noted that the oil is not 
wasted in the form of lamp-black or tar, for of the latter 
from the separator (which also has to receive any liquid 
from the syphons), when the 50 to 60 per cent of water is 
deducted, there' is under 10 per cent^ of tar and tar oil. 
Kor is any serious amount of oil deposited in the purifiers, 
hence the natural question is, if greater illuminating value 
is in the oil, what becomes of it ? 

It may be that in the desire to secure a permanent gas the 
efficiency suffers, or that the conditions of testing are com- 
paratively too severe. It is also only right to state that the 
figures given for oil used are slightly above the actual, the 
meters, from circumstances of position and policy, registering 
somewhat fast. 
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At the end of the paper some weekly returns of working are 
given for 1898 and the present year, together with some 
working directions for the operators of the plant which may be 
of interest. 

Especially since the beginning of this year, great, and 
almost elaborate care, has been taken to secure accuracy in the 
returns, which it is Tentured to believe show much uniformity 
of working. 

The investigations at Hastings are, of course, far from com- 
plete, and one of the most interesting points now under 
consideration is using compressed gas instead of air as the 
power for the atomiser. 

This account of individual experience will, the Author 
hopes, suggest many points for discussion to the mutual advan- 
tage of all concerned. There will, of course, be some here 
to-day to whom much of what has been said will be very 
elementary knowledge, after their many years' experience in 
the manufacture of water gas, but to those who, like the 
Author, are comparatively new to the same, it is hoped the 
paper may prove of interest, and possibly advantage. The 
following drawings will serve to illustrate some of the points 
mentioned : — 

No. 1. C.W.G. plant, ground floor plan. 

„ 2. „ „ stage floor plan and section. 

„ 3. „ „ oil stores and tank 

„ 4. General boiler house. 

„ 5. C.W.G. plant, purifiers, &c. 

„ 6. General purification plant. 
In conclusion, the Author desires to acknowledge his 
indebtedness to his father for a free hand in regard to the 
preparation of this paper, to his assistants, Mr. F. J. Winter 
and Mr. H. B. Hyatt, with reference to the tests and drawings 
respectively, and to his working stafi^, to whose intelligent co- 
operation much of the successful application at Hastings of the 
valuable gas*maker*s ally— carburetted water gas— is due. 
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I.— HASTINGS GABBUBETTED 
Weekly Suiimabt of 

















OIL USED. 














(Mixed 














Data. 


Gas made as 
per meter. 


Oorrected 

for 

Tempenttare. 


Honre 
worked 


No. 

of 

Set. 


Gas) 
lUg. 

Power 
for 

Week. 


Kind. 


Qimtity. 


Per 

luOO 

cfL 


1898. 


















August 1 


1,156,000 


1,108,000 


66 


2 


15-78 


Boflsian . . 


2888 


2-56 


M 


8 


959,000 


920,000 


55 


2 


15-82 


Buflsian .. .. 


2414 


2-62 


>» 


17 


1,135,000 


1,088,000 


64 


2 


15-95 


American 


2986 


2-74 


M 


22 


853,000 


818,000 


53 


2 


15-91 


American 


2219 


2-71 


9* 


29 


1,073,000 


1,029,000 


64 


2 


15-97 


Amer. ft Bubs. 


2775 


2-69 


Sept 


5 


1,076,000 


1,032,000 


66 


2 


15-74 


Bussian . . . . 


2862 


2-77 


n 


12 


1,081,000 


1,086,000 


66 


2 


16-39 


Amer. ft Buss. 


2541 


2-45 


ft 


19 


1,115,000 


1,069,000 


66 


2 


15-74 


Bussian .. 


2724 


2-54 


n 


26 


1,146,000 


1,099,000 


66 


2 


15-79 


Bussion .. 


3036 


2-76 


Octobers 


1,191,000 


1,142,000 


75 


2,2 


15-73 


American 


3089 


2-70 


9» 


10 


1,244,000 


1,198,000 


70 




15-75 


American 


3420 


2-86 


ff 


17 


1,456,000 


1,396,000 


76 




15-51 


Bussian .. 


3961 


2-83 


»> 


24 


1,709,000 


1,638,000 


93 




16-10 


Bussian .. 


4745 


2-89 


f» 


31 


1,184,000 


1,135,000 


66 




15-63 


Buss, ft Amer. 


3217 


2-83 


Nov. 


7 


1,562,000 


1,497,000 


78 


1,1 


16-10 


Befined Petro. ) 
ft Bussian / 


4677 


3 05 


>» 


14 


1,317,000 


1,263,000 


76 


2 


15-89 


Amer. ft Buss. 


3642 


2->8 


n 


21 


2,050,000 


1,965,000 


110 


2 


15-74 


Amer. ft Buss. 


6071 


3-08 


>» 


28 


2,7^6,000 


2,594,000 


144 


2 


15-91 


Amer. ft Buss. 


7588 


2-90 


Dec. 


5 


2,537,000 


2,432,000 


140 


2 


15-80 


Amer. ft Buss. 


7633 


313 


n 


12 


2,313,000 


2,217,000 


132 


2 


15-54 


Amer. ft B u s 


6738 


3-03 


>i 


19 


2,373,000 


2,275,000 


132 


2 


15-58 


Bussian .. .. 


7059 


3-10 


ft 


26 


2,900,000 


2,780,000 


154 


2 


15-71 


Bussian .. .. 


8682 


3-10 


»» 


31 


2,409,000 


2,309,000 


132 


2 


15-92 


Bussian .. 


7719 


3-34 
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WATER GAS PLANT. 
WoRKQfo, Aug. to Dsa 1898. 



Avftrage 
lllg. 



Candles 

per 
gallon. 



1811 
18 71 



18 



18 
16 
18 
18 
17 
18 



18 
18 
17 
18 
19 

19 

18 
19 
18 
19 
19 
19 
18 
20 



92 
83 
5L 
84 
19 
86 
76 
29 
21 
62 
94 
39 

94 

04 
47 
07 
26 
18 
19 
87 
87 



Cundle 
feet 
per 

gallon. 



6 



6 
6 
6 
6 



6 
6 
6 
6 
6 
6 
6 



07 
13 
89 
94 
12 
79 
41 
00 
79 
76 
85 
20 
53 
84 

52 

25 
30 
38 
13 
81 
18 
07 



609 



Goet per lOOu c ft. 



Fxtbour, 
(Manf., 

Ki-pairs 

and 
H'nce., 
PuTirtca- 

tlon. 



1414 
1426 
1378 
1388 
1224 
1358 
1483 
1401 
1358 
1352 
1270 
1241 
1307 
1368 

1304 

1251 
1260 
1277 
1227 
1262 
1286 
1215 
1218 



d. 
1-51 



1 
1 
1 
1 
1 
2 
1 



55 
78 
77 
46 
66 
57 
80 
21 
56 
50 
52 
57 
61 

37 

86 
95 
69 
45 
70 
71 
52 
1-52 



Material 

Oil 
anil 
Fuel. 



d. 
11-51 



12 
12 
12 
12 
13 
11 
12 
12 
12 
12 
12 
12 
12 

• 

13 

18 
14 
13 
13 
13 
18 
14 



13 
72 
37 
34 
19 
78 
05 
75 
38 
77 
59 
60 
39 

73 

37 
15 
40 
87 
91 
85 
16 



14-45 



Total. 



d. 
13 02 



13 
14 
14 
13 
14 
14 
18 
14 
13 
14 
14 
14 
14 

15 

15 
16 
15 
15 
15 
15 
15 
15 



68 
50 
14 
80 
85 
35 
85 
96 
94 
27 
11 
17 
00 

10 

23 
10 
09 
32 
61 
56 
68 
97 



OOa 



4-42 



4 
5 
5 
4 
4 
4 
4 



4 



21 
27 
77 
86 
33 
88 
68 
52 
77 
19 
11 
42 
50 

89 

93 
47 
10 
95 
89 
73 
60 
11 



RUMARK& 



CO, high in purified gas. 

Oxide in one purifier. 
Iiigh-cla8s oil used. 
Oxide purificsiti'>n. 



Some 



No CO, in purified gas; high 
tabular number. 



Changing over sets. 



No. 1 set o£f r0 generator yaWes. 



CO, high in purified gas. Change 
of oil. Heats bad. 
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WATER-GAS PLANT. 
Jaho&bv to Apbil, 1899. 
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m.— HASTINGS AND ST. LEONARDS GAS COMPANY. 
Oabbubbtted Wateb Gab Plant. — 'Wobeino DiRBcrnoNs. 



From blowing to dtart an ordinary Up Bnn (to make Gas) : 

1. Bednoe engine speed. 

2. Lower blast valve on carburetter. 
8. Lower generator blast valve. 



4. Turn on steam. 

5. Close stack valve. 

6. Put on oil. (Air first, then oiL) 



Note. — If blast is on superheater, this must be shut off before 2. 

To stop an ordinary Up Run : 

1. Turn off oil (oil firut, air after). 

2. Put engine up to full speed, carefully. 
8. Turn off steam. 

4. Open blast valve on generator, gradually to full extent {** to blow over ")• 

5. Lift stack valve. 

(Adjust generator blast, if required). 

6. Put blast on carburetter, as soon as it will light 



To start a Down Bun : 



1. Put engine to slow speed. 



2. Lower blast valve on carburetter. 

3. Lower blast valve on generator. 

4. Lower reversing gas valve right down 

Note. — ^If blast is on superheater this must be shut off before 2. 



5. Turn on steam. 



6. Close stack valve. 

7. Put on oiL 



To take off Down Bnn : 

1. Shut off oil. 

2. Raise reversing valve smartly. 

3. Put engine up full speed. 

4. Shut off steam. 

5. Put blast on generator to full, open carefully. 

6. Open stack valve» and adjust generator blast, if required. 

7. Put bkuBt on carburetter, as soon as it will light. 

To clinker after blowing over (see that oil is shut off at meter). 

1. Reduce engine speed. 

2. Open generator cautiously. 

3. Put on coke, 3 or 6 cwt. according to circumstanoeB. (It is always best to 

leave a bright fixe to clinker.) 
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4. Open aflh pan door. 

6. Open cliokering doors, two at a time, clinker thoroughly and dose doors. 

6. Close ash pit door. 

7. See blast pressure is all right, or make sore by increasing engine speed. Then 

close up generator. 

8. Open blast on generator by degrees. 

9. When fire is through generator put blast on carburetter. 



To ooke np (after blowing oyer). 

1. Drop generator blast valve. 

2. Open generator cautiously. 

8. Put in coke. It is better to put on 3 owt. at a time, whenever possible. 

4. Open generator valve by degrees, up to full extent 

5. Put blast on carburetter, as soon as it will light 

Operator to prepare for and shut down plant for an ordinary stop. 

1. Fill oil reservoir up for say 2 runs above working level. 

2. Then close regular cooks on oil supply pipe to reservoir. (Watoh pressure of 

section does not rise.) 
^. After last run and blowing over, dose air and oil cocks on atomiser supplies. 

4. Close gauge cocks on oil reservoir. 

5. Shut off water from scpibber and washer. 

6. Close outlet valve of scrubber. 

7. Stop engine and open relief valves on blast pipe. 

Operator to prepare and restart plant to make gas after ordinary stop. 

1. See engine and fan started and then dose relief valves on blast 

2. See that ciroulating water pump, oil pump and compressor are started. 

8. Open blast valve on generator and blow over carefully. 
4. Clinker, if necessary. 

6. Put water on scrubber. 

6. Put water on washer and regulate same. See that it runs dear through seal 

cup at bottom. 

7. Open outlet valve of scrubber. 

8. Open cocks on oil supply pipes and gauge-glass cooks on reservoir. 

9. Open air and oil supplies to atomiser. 
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IVa.— HASTINGS GAS-WOBKS LABOBATOBY. 



Te0T8 oh Pubivibd Gabbubbtted Watbb Ga8 n>B Cabbon Monoxide (C0> 



Dftto. 


AlMorptlon 

by 
Bromine, 

Nitric 

Acid and 

AlkAline 

Pyrug&Uol. 


CO^ 


(Unpuri- 
ftoilGas). 


Illnmt- 
mitiug 
Power. 


Make 
Ron. 


Gbke 
naedln 

Generator 
per lOOU 

cable fieei. 


Remarin. 


1899. 








candles. 


cub. ft. 


lbs. 




Feb. 25th 


12- 6* 


80-2 


2-3 


18-29 


4964 


44-58 


•Nitric 


., 27th 


10- 8* 


82 9 


2*3 


17*81 


4880 


44-37 


aoidnot 


Mar. 1st 


10- 4* 


31-2 


2*2 


17-97 


4847 


42-40 


used in 


„ 3rd 


6-6» 


33-9 


1*9 


20*27 


5011 


41-31 


makiog 


„ 9th 


12*5 


320 


2-6 


19-41 


4790 


42-40 


these 


„ 10th 


18*3 


31*0 


2*6 


18*44 


4752 


43*24 


tests. 


„ nth 


14-2 


30-9 


2*4 


18-65 


4604 


40*72 




„ 27th 


10-4 


32-3 


2*8 


17-59 


4906 


39-81 




„ 28th 


11*8 


32-7 


31 


18*37 


4800 


46-66 




April 5th 


11-5 


34-3 


2-2 


20*06 


4619 


41*56 




„ 10th 


13-3 


30-5 


2*6 


20*65 


4578 


50-20 




„ 10th 


12-6 


82-0 


2*2 


20-48 


4578 


50-20 




n 11th 


12*6 


33-0 


21 


19*60 


4731 


48-29 




„ 11th 


12-9 


32-3 


• • 


19*76 


4731 


43*29 




„ nth 


12-4 


33-4 


2*3 


18*68 


4731 


43*29 




„ 12th 


12*8 


33-1 


2-1 


20-33 


5024 


39*14 




V 12th 


14-4 


31-8 


•• 


20-65 


5024 


39-14 




„ 12th 


12-9 


32-6 


20 


19-41 


5024 


39-14 




n 13th 


12-6 


33*2 


2-0 


..t 


5025 


33*43 


t Tests 


„ 13th 


120 


38*8 


2*2 


..t 


5025 


38*43 


unreliable 


„ 14th 


130 


32 4 


2*5 


21*20 


5219 


3611 
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IVb.— HASTINGS GAS-WORKS LABORATORY. 



Tb8T8 ok Embiohbd (Meud) Gas fob Carbon Monoxidb. 



Date. 


AbMrption by 
Bromine, Mltilo 
Acid aod Alkui. 
Une Pyrogallol. 


00^ 


Percentage of 

Carburetted 

Wxtrr Gas on 

ToUl Oaa Made. 


Remarks. 


1899. 










Feb. 28th 


5 


S* 


11 


9 


30-76 


» Nitric acid 


Mar. Ist 


5 


5» 


12 


6 


80-83 


not oaed 


,• 2Bd 


6 


i* 


12 


7 


81*31 


in making 


,. 3rd 


5 


9* 


12 


9 


81-73 


these tests. 


. 4th 


3 


8» 


12 


7 


31-72 




„ 9th 


7 


5 


15 


1 


80*58 




„ 10th 


8 


4 


18 


9 


80*46 




y, 20th 


13- 


6 


14 


4 


17*45 




„ 21tt 


6 


2 


14 


2 


20*05 




„ 22Bd 


7- 


5 


14 


3 


84*88 




,. 23id 


6 


6 


14 


1 


36*27 




„ 25th 


6 


4 


14 


8 


85*87 




„ 27th 


6 


6 


14 


'7 


18-46 




„ 28th 


7- 


8 


14 


3 


18*62 




„ dOth 


7- 


3 


15 


5 


18*68 




Apia 6th 


1- 


1 


14 


4 


17*44 




.. 7th 


7' 


6 


14 


1 


17*44 




« lOth 


7- 


1 


11 


5 


1602 




» nth 


7' 


2 


13 


•9 


1708 




„ 12th 


7' 


3 


14 





18-11 




„ 13th 


7- 


a 


14 


9 


17*44 




« 14th 


7' 


9 


13 


-6 


18*40 
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DISCUSSION. 

Mr. J. W. Helps : As no one seems particularly anxious to 
get up to commence the discussion on this paper, perliaps you 
will permit me to make a few remarks. I am sure you, sir, are 
perfectly right in saying that the managers of gas companies 
about to start the manufacture of water gas will find in 
Mr. Botley's paper a great deal that will be of assistance to 
them, if they are not frightened at the mass of detail contained 
in the paper, which foreshadows certain difiScuIties they will 
have to meet with. The paper will also enable them to avoid 
certain difficulties which Mr. Botley has met with and has 
happily overcome; and therefore, perhaps, they will have a 
much happier time than he has experienced. It will also be of 
considerable value to those students who are looking up the 
question of water gas. Whatever may be said as to the paper, 
no objection can be taken to it from the point of view of com- 
pleteness, for Mr. Botley has entered into the general routine 
of the subject, has given the details of those plants which have 
been adopted up to the present time, and dealt with matters 
most thoroughly. But from the point of view of those managers 
who, like myself, have been using water gas for a considerable 
time, I must confess to a feeling of disappointment. I did 
expect from Mr. Botley, knowing how keen he is on originality, 
and how keen he is on improving matters, never being satisfied 
with the results he is obtaining, but always looking forward and 
expecting to do better every day, I did expect he would have 
given us certain figures and certain facts which would have 
been more of use to those who have been carrying out the 
process of manufacturing water gas for some time past. It 
appears to me there is only one point in the paper which is 
new, that is the question of the manner in which the oil should 
be introduced into the carburetter. I have had the pleasure of 
seeing the plant at work and Mr. Botley has shown me the 
manner in which the oil spray is introduced into the oarbiiretter. 
I must honestly confess that I came to the conclusion that he 
was doing the right thing in the right way. Mr. Botley showed 
me, by turning out one of the oil sprays, the condition in which 
the oil mist went into the carburetter, and if he could maintain 
the condition of the oily mist when it was inside the carburetter 
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as well as he could when it was outside I cannot help thinking 
that the manner in which he was doing that work was bound to 
be successful. But the whole thing appears to me to resolve 
itself into a question of £ 8. d. Mr. Botley has compared his 
process with that where the oil is introduced into the top of 
the carburetter, but in doing so I think he has made one little 
mistake. He says the oil is introduced through a sprayer and 
falls directly upon the hot brick chequer work and from the 
chequer work through the carburetter. If that were so I could 
fancy that the difficulties which Mr. Botley foreshadows would 
arise. In our case with the plant we have in use the oil does 
not fall directly on to the brickwork but on to the intervening 
iron bars, and therefore the oil is volatilised in a somewhat dif- 
ferent manner to that which Mr. Botley thinks, and it is not 
choked up in the manner in which he imagines with carbon. 
Now I have been looking through the figures given in the 
appendix of Mx. Botley's paper, and I naturally expected from 
the manner in which he was introducing the oil that his results 
in candles per gallon would have worked out very much better 
than the figures we have been hearing of and the figures we 
have been experiencing for some time past. I think, practi- 
cally speaking, he has obtained something under 6^ candles 
per gallon per 1000 cubic feet. I do not know whether that is 
a better result than he was obtaining previously when he was 
injecting the oil at the top of the carburetter in the form of a 
spray. If Mr. Botley can give us that figure so as to enable us 
to make the comparison it would help us as to the advantage 
obtained. It would not be fair to say, simply because Mr. Botley 
is not getting as good results as I am at the present time, that 
that is due entirely to the system which he adopts with regard 
to the admission of the oil, because I have been getting better 
results than some people who are injecting the oil in the same 
way as I do. I think that is a point that wants looking into, 
because if Mr. Botley's system is the correct one it should result 
in a saving of oil, and inasmuch as the cost of oil means nearly 
three-fourths of the w^hole cost of making water gas the question 
is a serious one. Mr. Botley says he is able to regulate the 
amount of oil admitted to the carburetter according to the 
amount of gas wiiich is coming off at each minute of the run. 
From what I saw at Hastings I think Mr. Botley is doing that , 
most thoroughly, and that I thuik is the best thing to do. Mr. 
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Botley also says he is able to do away with that blowing off of 
the oil which remains in the carburetter at the end of the run, 
which he considers a disadvantage, and he says he is also able 
to greatly reduce the quantity of water gas tar at the inlet of 
the relief holder, which is found to be a very great nuisance in 
the manufacture of water ga& From that he deduces that he is 
practically Tolatilising and making into permanent gas the 
whole of the oil which goes into the carburetter. He, however, 
makes the statement in another part of his paper, that it is 
necessary to clean out the down-pipe of the superheater to the 
washer every three weeks or so, because he finds it gets choked 
up with carbon. Now it appears to me that here is where the 
solution of the whole question lies. Mr. Botley does not get 
oil in the holder because be bums it into carbon somewhere. 
I do not find it necessary to clean out that do>vn-pipe oftener 
than once in three months. I do not think it would be of any 
interest to those present to go into details and give figures, but 
I may say I have obtained results very nearly a candle higher 
than those obtained by Mr. Botley. I think if Mr. Botley wants 
to show that his system is the correct one he should be able to 
show that he is getting equally good results with those obtained 
at Croydon, because I am using oil of exactly the same charac- 
ter and the coal is very much the same. But both the results 
from the pure water gas and the admixture of coal and water 
gas are better at Croydon than they are at Hastings. There 
are many points one would like to draw attention to, but that is 
the point which is of interest to those who are making water gas 
and upon which we require a little more information before we 
can decide whether Mr. Botley is right or wrong. 

Mr. F. W. Cboss (Lea Bridge): The same point has oc- 
curred to Mr. Helps as has occurred to myself as to the deposit 
in the down-pipe to the washer. Mr. Botley, I gather from 
his paper, works at low heats. If he works the superheater at 
low heats he should not get any deposit in the pipejeading from 
the superheater to the washer that would require removing; 
at any rate not within three weeks or a month, probably more 
than that. It appears to me that working at these low heats 
with his automiser, he has deposited some of his oil in the 
down-pipe that should be in his gas. There is one other point 
that has been brought prominently forward in the paper, that 
may have some bearing on the low candle efficiency that 
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Mr. Botley has obtained — ^that is the oil he gets into his 
purifiers. I have worked a similar apparatus for more than 
two years, and I have never seen the slightest trace of oil in 
my purifiers when I passed the whole of the coal and car- 
buretted water gas through them, nor afterwards when I passed 
the carburetted water gas through the separate purifiers. It 
appears to me that Mr. Botley is losing some of his oil in that 
way. If I am free from oil in the purifiers I take it I get it in 
my gas; if Mr. Botley gets oil in his purifiers he is not put- 
tiug it in the right place. There is one other point as to the 
mixture of tar and water. Mr. Botley says he is sending out 
his tar with from 50 to 60 per cent, of water. I cannot quite 
underHtand such a high percentage as that. Of course it is 
true the tar must have some percentage of water in it, and a 
high percentage; but I should have thought the percentage 
should not be more than 20 or 30 per cent, at the outside. 
Further, the amount of water in the tar may be easily reduced 
by evaporation or steaming. If you put through your ordinary 
tar tank a steam coil — of a primitive kiud for experiment will 
do — you will find you can drive your water down to 10 per 
cent. 

Mr. A. E. Broadberbt (Tottenham) : I wish to express my 
thanks to Mr. Botley for the very useful paper he has laid 
before us. He has entered very deeply into details, and among 
the thousand and one points he has put into his paper, it is 
very certain there are a few we are bound to disagree witlj. 
With regard to purifiers Mr. Botley says they should be in the 
open. Of course it is generally considered that purifiers are 
better roofed in, and for my part I do not see any more reason 
for putting water gas purifiers in the open than coal gas 
purifiers. When we are going to empty one of the water gas 
purifiers we air it first of all by blowing air through it for about 
two hours beforehand. That is not done from the fans as 
Mr. Botley suggests, and I do not think it would be a good 
plan to connect it with the blast fans. We have a separate 
blower which we use for the purpose, and we do not find any 
very great risk. I cannot see the need for putting the purifiers 
in the open. In regard to purification, Mr. Botley says it is 
difScult to remove the sulphuretted hydrogen. We test our 
gas for sulphuretted hydrogen with a constant test bottle, 
carrying lead papers for a week, and we are able to keep our 
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lead papers clean for a week. The oxide certainly does get a 
little bit oily, bnt the oxide we have in use now has been in 
use for the last four and a half years, so it is not a very serious 
matter. I think most of the little troubles Mr. Botley has put 
in are chiefly individual troubles ; and I do not think need 
prevent any one from putting in a carburetted water gas plant. 
Mr. Botley speaks two or three times about explosions and pops 
and so on, and some of you might be led to think he has 
suffered a great deal from them, but by Mr. Botley's courtesy 
I visited his works not very long ago, and while I was there 
I certainly did not hear a pop even, and certainly so far as our 
own plant is concerned the pops do not amount to so much as 
is often heard from the banging off of a coal gas retort. In 
regard to purification there is a point as to which I do not 
quite agree with Mr. Botley. He says it is cheaper to remove 
the carbonic acid than it is to enrich against it. It may be 
more desirable to remove the carbonic acid than to enrich 
against it, but I do not think it is cheaper to do so. Supposing 
you add 4 per cent of carbonic acid to the bulk of the gas. 
Mr. Botley takes it there would be a reduction of from 3 to 
4 candles ; I have never found it so. I should imagine it would 
be from 1 J to 2 candles. I do not know whether Mr. Botley 
has allowed for the^bulk of COj, but that would go to the 
consumers' meters and be sold to them, and it represents 
nearly ^c2. per thousand cubic feet. I admit it is perhaps not 
the most scientific course, but so far as lighting is concerned, it 
does not matter very much to the consumer whether his 
16-candle mixture contains carbonic acid or any other mixture. 
Another point I can hardly understand is that Mr. Botley says 
that the amount of water used is about six gallons per thousand 
cubic feet of gas made. Does he mean that is the water used 
for the generator only, because I find it amounts to about ten 
gallons for evaporation, taking the engines in as well. But 
taking Mr. Botley's six gallons per thousand, supposing he was 
making 40,000 cubic feet of gas per day, he would only be 
using about 240 gallons a day. I think that is a long way off 
the mark. In the paper I notice he said something about 
naphthalene troubles at Tottenham, having been attributed to 
the carburetted water gas plant, and would like some further 
information on the point. I think it must be evident to 
everyone that the temperature at which the oil is cracked must 
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affect the oompogition of the gas, and that it is quite possible to 
alter the composition of the gas by having too high a heat. 
At my own works I have noticed that when we got onr checker 
work too hot, we did produce naphthalene from carburetted 
water gas. In one of the wells where the syphon is self- 
emptyingy we did find a good many flakes of naphthalene 
hanging all round it. At the same time it is a yery insignifi- 
cant amount compared with that made from coal gas. However 
after these points of disagreement, I come to the new sprayer. 
Mr. Botley very kindly did for me what he did for Mr. Helps. 
He took the sprayer from the carburetter and directed it across 
the floor. Mr. Botley explained that the sprayer could not be 
expected to work as satisfactorily in a horizontal as in a vertical 
position, which you can very easily appreciate. But working 
at tliis disadvantage it blew out the oil in such a fine mist that 
it floated away like steam out of the ventilators in the roof. 
If we could put our oil into the carburetter in that condition it 
seems to me it is a much more favourable condition for the 
purpose of gasifying the oil than putting it in in the form of a 
heavy shower, even if it were put in direct on the top of the 
checker work without providing additional space. But it 
certainly does not seem ftom Mr. Botley's figures that there 
has been that very great increase of illuminating power from 
the oil results that I should have expected from the device. 
Mr. Botley says he has less lamp-black now than he had before 
in the take-off pipe. I also notice that he gets less tar, which 
he puts down at 10 per cent, of the oil used, and, roughly 
speaking, 10 per cent, of the oil used would be one-third of a 
gallon for each thousand cubic feet of gas made. I find ours 
works out at half a gallon, the difference in lamp-black and tar 
should show in oil results. Mr. Botley says he finds the best 
results from the sprayers having the smallest holes ; and if he 
wants to put in more oil, and he uses sprayers with larger holes, 
he does not obtain such good results: I would suggest that 
instead of larger holes he should put in more small holes. In 
one place he mentions he cleared out some checker work from 
the carburetter, but he did not find any advantage from that. 
That leads me to wonder whether it is necessary to have that 
cone which he places at the top of the carburetter. If Mr. 
Botley does not find any advantage from taking out some of 
the checker work, is there any need to raise the carburetter ; is 
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it necessary to move in the direction of giving more space 
above the checker work. If it is not necessary, that fact would 
considerably simplify the adapting of his sprayer to ordinary 
plants. I think that undoubtedly Mr. Botley's sprayer is a 
good idea, and I think in the future he will be able to lay some 
better figures before us than he has been able to do in his 
paper. 

Mr. T. May (Richmond) : I should like to say a word or 
two, though I have had no experience of carburetted water gas. 
The information we have just had given to us seems to point 
to the fact that the system of spraying is not in fault, but that 
it is the plant that is wrong, and that if the sprayer could be 
applied to the other systems that have been referred to, better 
results might be obtained by its use. 

Mr. C. F. BoTLEY (Hastings) : The plant was constructed 
to the designs of my father. It was erected by Messrs. Plant, 
Shalford and Company. 

Mr. S. Meunier: I must congratulate Mr. Botley very 
much indeed upon this very practical paper. 1 particularly 
admire the truthfulness with which he has put down the vari- 
ous costs. I should judge from my own experience, after taking 
into consideration the various local circumstances which arise 
in different towns, that they are sufficiently close for anyone 
who is thinking of putting down a carburetted gas plant to 
judge by. But the main feature which strikes one is that his 
oil results are not equal to what some of us are getting. 
Certainly 6^ candles per gallon per thousand does not appear 
to be what we might expect, not only from what we have heard 
as to the spraying, but also judging from what I saw the last 
time I was at Hastings. I must certainly confess to a strong 
feeling of disappointment in the results obtained, judging by 
that standard, perhaps, I expected a great deal ; I am only sorry 
that Mr. Botley has not given us some figures which are the 
best on record. Evidently the fault lies not so much with the 
sprayer, which appears to be the correct thing, as with the heat 
he uses in his plant, or something, perhaps, he has not yet dis- 
covered. Mr. Botley makes the remark that we want to choose 
sober intelligent men. That, of course, with a plant of this 
sort, is an absolute necessity ; and I only wish we were in a 
position to get that kind of men. Whether they are to be got 
in the south I do not know, but there is very extreme difficulty 
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in gettiiig them in the north. I have put down the very vary- 
ing results I have at times obtained to the fiBict that when there 
is nubody in authority around, the men are not sufficiently 
careful to look after the heats. After all, human nature is 
human nature, and when one's back is turned every man's sense 
of duty is not sufficiently great to assure that journey down the 
stairs and up again after every run to see whether the heats in 
the superheater or carburetter are right or wrong. To the 
method of judging the temperature in a rough and ready 
fashion may be due the fact that results do vary considerably. 
I have had anything from 5 candles per gallon per thousand up 
to 8 candles. Unfortunately one cannot keep up to 8 candles 
regularly, taking it over a long period, but we have no difficulty 
in striking somewhere ia the neighbourhood of 7^ candles, 
which is a fairly good result I am certainly of opinion there 
is more in the working of a carburetted water gas plant, than 
we have yet discovered. Its adaptability and ease of working 
lend a charm to the whole thing, but there are improvements 
which require to be made to further facilitate its use and to 
do away with that human element which you find in a rough 
and crude form in the working man. In a plant of 500,000, and 
using 15 gallons of oil per run of seven minutes, I have obtained 
without difficulty a gas of 23 to 24 candles on the average. As 
to the question of naphthalene which Mr. Broadberry has men- 
tioned I certainly consider that his explanation is the correct 
one. I have for a long time had an idea that carburettod 
water gas tar was worth a great deal more than ordinary coal 
gas tar, but so far cannot come to a definite conclusion, and the 
analyses we are continually making show some very peculiar 
thinga At times we find a good deal of naphthalene in the tar 
itself, due no doubt to the personal element ; another time we 
find a great deal of vitrifiable benzol and no naphthalene ; there 
is no doubt that we want to evolve some improvements or method 
by which all these difficulties of the human element will be over- 
come and regular and reliable results obtained whether it is 
7 or 7i or anything else. Another figure which Mr. Botley has 
mentioned is the cost of renewing the lower portion of the lining 
which he has put down every three or four weeks. That is a 
very short time indeed. Whether it is due to the quality 
of the blocks or what, of course he knows best ; but judging 
from the cost I should certainly say he must be paying for 
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something very good, whether he gets it or not. We renew 
ours every two months ; but instead of paying lOL, our cost only 
works out at 4/. 10«. There is a great difference between 
4Z. 10«. every two months and 10/. every three or four weeks, and 
it is certainly an item to be taken into consideration. The fact 
that Mr. Botley only obtains 6i candles per 1000 cubic feet 
is no doubt due to what has been pointed out, that his beats are 
low, and that is further borne out by the fact that he mentions 
in his paper, that there are such little things as '^ pops " and 
'' blows," and such like. If he will keep his heats sufficiently 
high to ignite his gases as they come over he will get nothing 
of that kind, and I venture to say that in all probability he 
will get better oil results. There is another point that is 
mentioned here, the danger, I take it, of a low flash oil On 
page 161 he says the best results have been obtained from some 
refined Americisin petroleum, which was very clean in working, 
made little tar, and a high illuminating power gas. Its use, 
however, is attended with more risk than the other oils men- 
tioned. I should like Mr. Botley to explain in what way he 
found, or suggests, that there are more risks in working with 
this oil than the ordinary oil most of us have ; because when 
you take your oil from your tank and pass it through the 
pump under pressure, it is if gasified free from any liability 
of contact with the air so as to form an explosive mixture, 
and I should like him to explain his particular point if he will. 
I am very much obliged to Mr. Botley for the paper. As I 
said before, it is very full of detail, and it will certainly be 
very handy for reference in the future. 

The Peesident : Before closing the discussion I may be 
permitted to make a few remarks. I have not a water gas 
plant myself and am therefore unable to follow very much of 
the useful information contained in this paper. We were about 
to put one down this year but cancelled the contract, awaiting 
the development of the benzol system, because I am pinning 
my faith upon uncarburetted water gas, which I hope will in a 
very short time become a faU accompli. Eeferring to the 
paper itself, I should like to mention the sprayer. Mr. Botley 
lays great stress on that, and I think to a great extent he has 
every reason to do so. Some twenty or twenty-three years ago 
I was called upon by an American firm to report upon an appa- 
ratus for making oil gas by what is now called the Pintsch 
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process. I experimented upon that for some time, and got 
fairly good results, but it occurred to me then that, instead of 
dropping the oil upon a heated pipe, I should secure much 
better results by spraying the oil into the heated tubes. I did 
so, and took out a patent for that, and the results 1 obtained 
were such that I was able to dispose of it to considerable 
advantage, and it has been used in many processes since. I 
found exoeedingly superior results from spraying the oil into 
the tubes than by allowing it to drop or to trickle in. At 
Vauxhall I tried the spraying of oil by steam into the retorts, 
and up to a certain extent had good results, but, being handi- 
capped by pressure of other work, I had to let the matter drop. 
It seems to me the spraying has a distinct advantage over any 
process by which you drop or trickle the oil on to the checker 
work. Mr. Botley has referred in his paper to the separation of 
tar and water by a centrifugal machine. The centrifugal 
machine I would adopt is a Danish invention patented by 
Krazenbuhl in Copenhagen. It was my privilege to employ the 
first machine that was made. It was originally intended for 
separating milk and cream, and I believe I am correct in say- 
ing it has been sold by the manufacturers, the Danish firm of 
Bnrmeister and Wair, in thousands in all parts of the world. 
We made our own experiments with it for separating the tar 
and liquor, and we really brought the thing to a very great 
success. But financially it did not suit me to continue, 
because separating the tar and liquor was a very expensive 
process and I could get excellent prices for the tar without. 
My friend, Mr. Irminger, has steadily worked that centrifugal 
process ever sinc^e, because he is not in the same happy position 
of being able to command the same prices for his tar. If Mr. 
Botley will try the centrifugal machine he will be able to 
separate the tar and water to the utmost satisfaction. Touch- 
ing the tar itself coming forward, it seems sl very great nuisance 
to find it in the water gas apparatus, but if some gentleman will 
try a modification of this apparatus I have no doubt he will be 
able to overcome the difficulty. I have been in communication 
with some firms in England with the idea of inducing them to 
try it. I am particularly interested and shall be very anxious 
to hear that some one will put up a small apparatus and see if 
it will efiect the purpose. Then another matter of importance 
is the dust arrester. Every one who works a water gas plant 
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has a good deal of trouble with the dust from the smoke stack. 
Two years ago I designed a Portland cement works, which are 
now working yery successfully in Denmark, and we were at first 
very much troubled with this dust nuisance. I had about 
three actions at law pending, threatening me on this matter. 
But we have overcome that difiSculty, and perhaps I may show 
you how easily it can be done. We are allowing our wet slurry, 
a mixture of clay and lime, to trickle down on to a cylinder, 
and by a fan placed at the end we suck up hot air through this 
flowing mass. The result is that we get a perfectly dry slurry, 
but in the passage of the air through the tube we take away a 
large amount of slurry dust which is accumulated in the 
chamber above. At the same time a great deal escapes with 
the steam, through the openings at the top of the chamber, and 
by escaping, covers the trees and gardens of the neighbourhood, 
causing a great deal of trouble. We have put up a little box 
or house over the escape, and by means of a spray fed with 
water pumped from below we wash down all the dust to the 
bottom of the chamber and then remove it by a worm to a 
place where it can be remixed with the slurry. So when you 
are troubled with too much dust in connection with a water gas 
apparatus you might with advantage try a spray of water put 
over the smoke stack. I should be only too pleased to furnish 
you with the drawings of such an apparatus if you will only 
write to me. There is another matter I wish to mention, that 
is the ultimate cost of water gas into the holder, I have never 
been able to pin the water-gas men down to what it costs for 
labour, repairs and purification of the gas into the holder. The 
figure is roughly given as from Is. to Is, 9d, per thousand cubic 
feet. Taking the normal cost of oil at 5d, per gallon I would 
like to know the cost into the holder ? 

Mr. BoTLET : As far as we are concerned it is 1^. 4d, 
The President : Otherwise I think it is a most interesting 
paper, and all those who, like myself, are coquetting with this 
system, will take it home and study it with a great deal of 
pleasure. I am sure we are very much indebted to Mr. Botley 
for placing all his experience at our disposal. 

Mr. T. S. Lagey : I may mention in reference to the method 
of removing the dust from cement works, that an almost 
identical system is now in use for dealing with the dust in the 
stacks of water gas apparatus. 
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Mr. Chapman (Harrow) : I have an almost exactly similar 
apparatus, but it has not been at work yet. I believe a similar 
apparatus is also at work at Plymouth. 

Mr. T. S. Lacet : I believe the apparatus for removing the 
dust in this way is extremely effective. I would like to ask 
Mr. Botley how much air he uses with his spray, because it is 
obviously hardly a suitable agent in this case, if it is used in 
any large quantity. If it were used to the extent of 1 or 2 
per cent., I think it is quite possible it would affect the results 
seriously, because it would add nitrogen, and the oxygen used 
would tend to burn up the oil immediately into carbonic acid, 
and thus waste the oil. It is necessary to be very careful in 
using these figures of candles per gallon and so forth at ()resent, 
as there is no standard method of testing these oil gases of 
20-candle power. The method used by Mr. Botley of testing 
his 20-candle gas may not be the same as at other places where 
20-candle gas is made. I do not think it is at ail wise to take 
these candle values as if they were £ s. d. or things that we 
could weigh. As a matter of fact no one can determine these 
figures to I or 2 per cent. Water gas is different from coal gas, 
our experience of burning it in the most effective way is limited, 
and I suppose every one tests it in the way he thinks best. 
Althougli Mr. Botley's figures may not show up so well as some 
obtained by others, it may be found that in the mixed gas, he 
gets as good results as those whose figures taken on the oil gas 
alone, may be more favourable. 

The President : I should like to ask Mr. Botley what is the 
limit of water gas that may be used without affecting the 
burners at present in use. Would he be able to put in 25 or 
30 per cent, without upsetting all the arrangements ? 

Mr, 0. F. Botley : I seems to me I have got rather a tall 
order, and I am afraid I shall not be able to answer everything. 
Tiiere are one or two points occur to me where probably the 
paper has been misleading. As to the testing I think there is 
a great deal in that. Personally speaking I have not a 
satisfactory standard. We have used three standards. We 
have also lately had occasion to make a number of tests with 
candles of two makes ; and we find the difference between those 
two makes of candles varies from 1 candle to 1^ candles. That 
has been established as the result of making 104 tests. It is 
herefore only fair to assume that other gentlemen who have 
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criticised these figures — in a way with which I am very pleased 
because the paper was written with the object of elicitiDg 
criticism — have taken tests which are not on all fours with 
our own. With reference to the reflults and what improvements 
have been made, I am sorry Mr. Browne, who used to be at 
Hastings, did not bear me out on the subject. He would have 
told you the results we are obtaining now are vastly superior 
to what we did obtain previously. A statement was prepared 
to April, 1897, though the returns were not taken as carefully 
then as they are now, but up to that time we got 5]^ candles ; 
now we get 6^ candles per gallon. That is all the evidence I 
have to go upon, I do not know anybody else's experience. I 
can on]y judge of my own results. I try to improve these 
results, but if they do not come up to other people's, I shall 
have to go further afield because I mean to get equally good 
results to theirs. But until such time as we get a standard 
method of testing, it is very difficult to compare the results of 
different plants. I have given in the paper a list of those 
things which will affect the questions. The first we come to is 
the size of the plant. Most gentlemen who have spoken are 
working with a larger plant than I am. That handicaps me 
considerably. One gentleman says we are making more per run 
than he does ; it may be that the velocity through the jet may 
account for that, and that the time contact with the chequer 
work is vastly less than with a bigger set. Then we use it 
simply and solely for enrichment ; and we correct for tempera- 
ture. I would suggest to those gentlemen who have any idea 
of comparing this at any future time with any other plant to 
bring the others to the same standard whereby they may make 
a fair comparison. I think they may be misleading themselves 
unless they look very carefully into that matter. So far as I 
am concerned, the results we are obtaining now are so much 
better than we did, that I am not so disappointed. My father 
has come back from other works and told me they have done 
so and so down there. I do not know the details of everybody 
else's work. This represents very accurately our results at 
Hastings; and unfortunately we do not seem to be doing so 
well at present as at other place& Now there is another 
matter — the down-take pipe. Surely some of the gentlemen 
who have criticised me have misunderstood me entirely. We 
open this pipe and clean it, and take out about a bushel of 
carbon which collects round the pipe about three-quarters of an 
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inch thick every two or three weeks. , It does not strike me it 
is lamp-black. In the pipe we haye an oil-heater coil, and this 
occupies a large portion of the pipe. We open this pipe to take 
the scale off, but I positively deny that it is lamp-black at all. 
One gentleman tells me I am working at too low heats, and 
another gentleman says I am working at too high heats. But 
perhaps Mr. Helps will permit- me to say that when he was at 
Hastings the heats we were working at were as nearly as 
possible the same as his own. 

Mr. Helps : That is so in regard to the heats, but you say 
that the pipe requires cleaning every two or three weeks. 

Mr. BoTLEY : Perhaps that is rather strong ; we have just 
to take the scale off the pipe every two or three weeks. I am 
going to take the oil-heating coil out, as I find it is no advan- 
tage with our sprayer. As to eliminating the sulphuretted 
hydrogen, Mr. Broadberry is quite a champion for carburetted 
water gas, but the price of oil at Hastings and Tottenham is a 
very different matter, and we find it better to eliminate the 
CO2 as far as we'can. I find it difficult to add as much oil to 
the gas as will oyercome the effect of carbonic acid. For our 
present purposes it is a very great inconvenience to haye to 
work the oxide; therefore it pays us much better to work 
with lime. We are, however, going to work with oxide. As 
regards the separation, I cannot say that it is satisfactory in 
every sense of the word, but we are constantly making experi- 
ments as to that. Several very valuable suggestions have 
been given to me by Mr. Hunt, and another member pre- 
sent, one is to put in a steam coil, and evaporate some of the 
water. I hope eventually to convert all the tar we are making 
into carbon and gas. The limit of the mixture of water 
gas with coal gas that our President has asked about, is a 
matter of wide diversity of opinion. Personally, I prefer to 
supply coal gas for cooking and domestic purposes. OiJier 
gentlemen have used the mixed gas in large proportion without 
any diflSculty. We mix up to one-third of carburetted water 
gas, makiug the illuminating power as nearly as possible six- 
teen candles. Our average is 15*82. I certainly do not care 
for carburetted water gas for industrial purposes. That is my 
impression at the present time, but I shaU take means to verify 
it, and if I am wrong I shall correct it. 

The President: How much could you put in without 
upsetting everything ; without having to adjust your burners? 
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Mr. BoTLEY : We put a third. I believe Mr. Broadberry 
puts in 50 per cent 

Mr. Broadberry : We have to adjust the govemer burners. 
The ordinaiy 5-feet governor will pass a little over 4 feet. 

Mr. H. E. Jones (Stepney) : Fifty per cent, can be used with 
an ordinary burner and you can see it in use at the present time. 
I should like to ask why the Author has formed this idea about 
using coal gas for industrial purposes. Will he give us a few 
points from his experience^ because I cannot say that I can 
follow him. 

The President : I should like you to give us the cost ? 
Mr. BoTLEY : In my paper I have included the cost of 
labour for repairs and maintenance, manufacture and purifica- 
tion — labour only. The average cost for this year is l'65d. 
per thousand cubic feet. Material, including oil and fuel for 
generator and boilers, but without lime for purification, 14*50, 
making a total of 16'15i. per thousand cubic feet. 
The President : Without lime ? 
Mr. BoTLEY : Yes, without lime. 
The President : That is an expensive thing. 
Mr. BoTLEY : As regards the question of preferring coal 
gas for industrial purposes, I have a good deal of practice with 
gas engines, and I have found it requires rather more of 
the mixed gases than it does of coal gas to get a good result. 
That may seem a paradox, but it is a fact. It is probably due 
to the fact that the proportion of air wants to be adjusted for 
the richer gas, which is of a somewhat different constitution. 
There is also to be borne in mind that it is much heavier, and 
that its velocity through an aperture in a given time is more 
sluggish. That is only my impression ; I do not put it forward 
as an authority. As regards using air, 2 per cent, is the 
amount we use in the atomiser. You will find in the paper it 
is mentioned that we are going to use compressed gaa You 
have got to deduct the oxygen, so it would be proportionately 
less than 2 per cent. With regard to high flash oil, the cir- 
cumstances as compared with the ordinary injection of oil are 
rather different. We do not have quite a closed pipe system, 
we put our oil into the cylinder direct from the pumps. We 
had a mysterious mishap, and that perhaps made us a little 
over-cautious in the matter. If there is any other information 
required, I shall be only too happy to endeavour to tell any 
Member what I believe to be correct in the matter. 
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WIND PRESSURE ON BUILDINGS AND 

OTHER STRUCTURES, 

By J. 0. V. IRMINGEE, Copenhagen. 

In a general way the pressure of the wind is expressed in the 
force exerted on square feet of surface^ the surface in question 
being assumed to be vertical to the direction of the wind. 
This pressure is expressed as the normal pressure. If the sur- 
face acted on is at an angle to the direction of the wind, 
various well-known formulae may be employed, several of 
which have been independently verified. 

Table I. gives these well-known formulae where the pressure 
is calculated according to the angle, and where P is the normal 
pressure. 

Many experiments have been made to verify these formulae, 
and especially mentioned is Professor Langley, of America, who 
has devoted much time to the work. He employed a surface 
of 1 square foot turning on a radius of 30 feet ; this surface 
could be fixed at any angle, aud the pressure was measured by 
a spring. The apparatus had, however, drawbacks, as the air 
was seldom quite still and the surface of the apparatus warped, 
but he found that with 6° the pressure on the surface was 0'15 
of the normal pressure, with 10^ = 0*30, and with 46° = 0*93. 

The results coincide fairly well with the stated formulae, 
but give a much higher value to the first sin^ a, often quoted 
in the technical handbooks. These high pressures at small 
angles were completely confirmed, which before the experi- 
ments of Mr. Langley were a matter of speculation. Pressures 
on different forms of bodies were not included in Mr. Langley's 
experiments. 

Among other later experimenters, Professor Kemot, of Aus- 
tralia, must be mentioned. He employed for his experiments 
artificial wind, produced by the aid of a small propeller fixed 
in a wooden box 10 inches by 12 inches, and the pressure was 
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exerted on small objects such as cubes, cylinders, &c., fixed in 
this box, the results being measured by a delicate spiral spring. 
He expressed his results in proportion to the pressure exerted 
on a vertical section of the object experimented on. Later, 
the writer will return to these researches. 

AH these experiments give the sum of the total pressures, 
but do not seek to analyse this sum ; for instance, the tension 
of the air on the different portions of the planes and bodies. 
Generally speaking, the subject has not been a favourite one, 
and the data on the matter have been of a meagre kind, and 
at any rate it was only the pressure on the wind side, especially 
at small angles, that was experimented on, the part played by 
suction being little known. 

Herr H. C. Vogt, of Copenhagen, demonstrated some years 
ago, before Professor Langjey's experiments were published, 
in several ^' brochures " that the pressure on a plane at a small 
angle was very great, and he discovered the reason to be, that 
on the lee side of the plane there existed a strong tendency to 
a vacuum, and that this partial vacuum or attenuation of the 
air was equal to 90 to 95 per cent, of the power exerted. 
Although his arguments were so convincing, bis theory found 
little support, and in fact there were many who were positively 
sceptical. 

As this question interested the writer in no small degree, 
he determined to carry the experiments further, and as it was 
soon evident that results of importance were within reach, 
the research was continued with specially constructed appa- 
ratus, and it is the writer's hope that a recapitulation of these 
results may not be without interest to those who have not had 
the opportunities of previously studying the subject. 

To study the pressures and vacuum exerted on a plane, such 
a plane was constructed of tin having a flat surface, but hollow. 
The interior or hollow room was placed in connection with a 
delicate pressure gauge, and on the flat surface a little hole 
was bored so that the outer surface with the hole was likewise 
in connection with the pressure gauge. By presenting the 
hole to an air current it was possible to establish the presence 
of a pressure if the aperture was in the direction of the wind, 
and a vacuum when the aperture was in the contrary direction, 
but at the same time it was evident that no reliable results 
were obtainable as the strength of the wind was so variable. 
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To arrive at definite results it was therefore necessary to 
create artificial draught, and this was done by employing a 
chimney shaft 100 feet high, which was in connection with the 
retort benches, and which gave about |-inch vacuum at the 
base. In calm weather the suction was constant, which was 
first carefully ascertained. In this manner it was possible to 
experiment with a powerful draught, but the bodies experi- 
mented on were naturally of limited dimensions; at the s^tme 
time it is a well-known fact that the same laws apply equally 
to small as well as to larger bodies. 

The apparatus used, and which is shown. Diagram No. 1, 
Fig. 1, consisted of a smooth wooden box 9 inches by 4J inches, 
fixed at the base of the chimney. In this box the bodies to 
be experimented on were placed, for instance, a flat pLme. 
This was of tin, hollow, and perforated with three holes, two 
at the outer edges and one in the centre. This plane revolves 
on a central axis, likewise hollow, closed at one end, but in 
connection with the internal hollow of the plane. The open 
end was connected to a pressure gauge. It was now only 
necessary to find a zero, or the atmosphere's tension, and for 
this purpose a hole was made in the box, exactly over the 
body to be experimented on ; in the hole a tube was fixed, pro* 
jecting not quite through the lid of the box, and which was 
connected with the second arm of the pressure gauge. By 
these means the variation of tension in the box itself and the 
interior of the hollow plane was ascertainable. 

To ascertain the tension in various positions, an indicator 
and scale was attached to the central axis outside the box. 
The draught to which the apparatus was to be subjected could 
be regulated by a valve, attached to the end of the box, the 
position of this valve being constant under each separate ex- 
periment. The normal pressure, i.e. the pressure on a plane, 
at right angles to the direction of the wind was ascertained 
by turning the plane with the holes toward the wind and 
observing the pressure, and then turning the plane 180°, so 
that the holes were on the lee side. The resultant sum of this 
ascertained pressure and vacuum, was considered the normal 
pressure. 

It was now apparent that when the pressure, taking for 
instance a single experiment, is about 0*45 inch water pressure 
on the front side, the suction or vacuum at the back is * 62 
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inch, and the nonnal pressure 1*07 inch, whicli represents 
5' 8 lbs. per sq. foot, equal to a calculated wind speed of 50 feet 
per second. There were, as previously mentioned, three holes in 
the plane, these three were experimented on, when the average 
pressure was ascertained. The holes were now successively 
shut by sticking-plaster. 

As the result of many trials it was evident that the suction 
power or vacuum was equal to 57 per cent, of the total pressure 
or power exerted, but for shorter planes, with air on all four 
sides 45 per cent., whicli is demonstrated on Diagram No. 1, 
Fig. 2, where the pressures are indicated by the heights of 
the water column in the gauge. 

If experiments be now made on the plane at varying angles, 
say 0°, 6°. 10°, &c. (Figs. 3-6). At 0°, suction is evident over 
the whole surface of the plane. At 5°, on the weather side nil. 
On the lee side, suction greatest nearest the edge toward the 
wind. At an angle of 10° it is ascertained that the pressure, on 
the wind side, is greatest first at the fore-edge, while the suction 
on the lee side increases. 

The writer found on those planes filling the width of the 
box, viz. extremely Zoti^ planes, with 5° complete suction, at 
10°, 87 per cent., at 90°, 57 per cent, suction. With short 
planes, at 15° complete suction, at 20°, 94 per cent., at " 90°, 
45 per cent. One can thus ascertain the pressure on the planes 
by adding the observed water column heights, and the given 
pressure in proportion to the normal pressure. The results are 
tabulated in Table I. 

Table I. 
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It is thus apparent that the ascertained results compare 
well with Langley's experiments, and equally well with the 
majority of the previously ascertained formuIsB, especially with 
Eayleigh's and Gerlach's. Professor Cederblom, of Stockholm, 
has recently conducted some experiments with pressures on 
planes turned towards the wind, inasmuch as he employed a 
very finely graduated and sensitive pressure gauge connected 
with the holes in the plane. He used natural wind, and ascer- 
tained exactly the same pressure and suction as tabulated pre- 
viously. Professor la Cour, in Denmark, has likewise recently 
conducted some exhaustive experiments on windmills, and has 
verified the tabulated results. The writer has reason to believe 
that the method of his experiments is correct, and that the 
size of the planes experimented on plays no appreciable part ; 
what, however, is very evident, is the part played by suction, 
especially on planes at small angles. 

Experiments were further carried out on various elements, 
hollow and constructed of tin, but later, for the sake of light- 
ness, of wood bored out ; for instance, a sphere, as shown on 
Diagram No. 3, Fig. 14 (sphere). The results are shown on 
Table No. II., where the pressure on the wind's direction is 
expressed by d and p. It is thus ascertainable what power is 
due to pressure and what to vacuum. 

The writer desires to shortly sum up the results of the most 
characteristic experiments, and draws attention to Diagram 
No. 2, where the amount of pressure and suction is expressed 
in measured water column heights. The full lines express the 
pressure, normal on the surface, the dotted lines the pressure 
in the direction of the wind. These are found by resolving the 
pressure into two powers, a vertical (not taken into considera- 
tion) and a horizontal one. Taking, for instance, a lonff prism^ 
Diagram No. 2, Fig. 8, pressure is found on the front, and suc- 
tion on the three remaining sides. The pressure is 95 per cent, 
of the pressure in a plane of the size of the cross-section of this 
body, the suction equals 43 per cent. If the point of the 
prism be presented towards the wind, the pressure only equals 
0-79 per cent. (Fig, 9). 

Cylinder, — This cylinder (Fig. 10) presents some extra- 
ordinary conditions, inasmuch as there is pressure up to 35° 
the rest being suction, the maximum being 70^ Besolving 
likewise the powers in the wind's direction^ the dotted lines 
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are obtained, which show the pressures and suction. The total 
pressure being 0*57, suction 72. 

Experimenting on a prism of rhomhaidal farm. The total 
pressure 0*25, of which suction is reprovsented by 82. This 
three-sided prism is shown in three different positions. (See 
Table 11.) 

On the sphere (Diagram No. 3, Fig. 14) the pressure is found 
by turning on a lathe a wooden ball, and boring channels for 
connecting same to pressure gauge. It is then revolved gradually 
on its axis, and similar effects are found to those on a cylinder, 
viz. pressure up to 43"^, the balance being suction. As the 
conditions of pressure are alike at same distance from the axis, 
one can estimate the volume of the body, depicted by the 
dotted lines which show the horizontal powers ; and one finds 
the total pressure to be '31 of the pressure on the great circle. 

Under the same conditions experiments were made on short 
elements, such as dice, cylinders, cones, pyramids, &e., &c., the 
results being tabulated in Table IL : — 
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The results of experiments on the cylinder give the smaller 
number, 0*47. 

On a pointed element <3> ^^7 0*08, of which suction 
= 93 per cent 

For comparison's sake it may be notod that Professor Eernot 
found — 

Foroabes . .0*9 The writer . 0* S 

^ ojlinders and eonee .0*5 «, cylinders . 0*47 

,• cones • 0*88 

„ spheres . 0*36 »» . . 0*31 

It is evident that the results agree fairly well, especially 
when it is taken into consideration that two distinct methods 
of experimenting were employed. 

These sucking actions on flat surfaces parallel with the 
direction of the wind are remarkable, but experiments easily 
establish the fact«. For instance, by taking two pieces of 
paper, holding them parallel to each other and blowing between 
them, they are drawn together. 

On spheresy the sucking action was evident on all the sidea 
the wind passed^ It was thus easy to explain why a light ball 
could be held suspended in a vertical air stream, because the 
stream was creating a vacuum around the ball. An umbrella 
ascends vertically when released in a storm, &c. By the same 
reasoning the trick of blowing an egg from one cup to another 
is explained. 

It is now of interest to obtain the result of these conditions 
applied to buildings, and the writer has therefore conducted 
some experiments with models. (See Diagram No. 3.) 

The one is a model of a house with an ordinary roof, the 
other with a semicircular roof; with the first (Fig. 11), the 
results were precisely the same as those obtained from a prism, 
i.e. pressure on the wind side, diminishing in an upward direc- 
tion, and suction on the lee side. Adding together these 
powers, a result is found in an inclined upward direction per 
square unit = 0'38 X wind's normal pressure. 

On the other building (Fig. 12), the result was the same 
as with the cylinder, ie. a suction on the whole of the roof 
surface, and a resultant directly upwards per square unit s 36 
X wind's normal pressure. , 

Further, experiments were made on a round building, with 
a curved roof similar to a gasholder (Fig. 13), channels for con- 
nection with pressure gauge were bored in the model., as shown 

N 
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on the drawing, the result being a pressure on the side & 0*36 
X wind's normal pressure on the cross section, but on the 
crown a suction in a vertical direction per square unit as 0*43 
X normal pressure. On the sides the distribution of pressure 
is the same as on the sides of the cylinder^ and on the roof or 
crown the same as on the upper roof of the sphere, previously 
relerred to. 

The roof on such buildings has thus a tendency to be lifted 
into the air in a storm when the weight is insufiScient or the 
roof is insufficiently tied to resist this tendency. The experi- 
ment on a gasholder can be amplified by suspending a little 
gasholder model at one end of a lever arm, and submerging the 
same in a basin of water, so that only the roof of the holder is 
above the water. If one blows on the roof with a bellows, the 
holder will lift itself from the water and the pressure in the 
same be reduced. 

It is of further interest to enquire if these experiments 
have direct relations to what passes on a larger scale, when 
buildings are subjected to a heavy storm. It may be remarked 
that one often hears of roofs being lifted and carried away 
by storms. It is of not frequent occurrence in Europe, and if 
such an event does happen it is usually with light roofs, and it 
is likewise established that it is generally the lee side which 
suffers, in as much as that it is sucked away. The writer has 
made observations on roofs during a storm, by boring small 
holes in the slates which holes have been placed in connection 
with a pressure gauge, and the pressure and suction conditions 
established by experiments were clearly present, varying with 
the wind's strength. 

With a gaslioider, the experiment was likewise made during 
a storm, to connect the outlet pipe with a self-registering pres- 
sure gauge. The holder contained two million cubic feet and 
was 170 feet diameter by 90 feet high. During an exception- 
ally heavy storm, 30th March, 1897, the pressure in the holder 
sank from 6*25 inches to 5*83 inches, or 0*42 inches, varying 
continually with the strength of the wind. The holder was 
quite full, and gave in calm weather 6*25 inches pressure. 
This 0*42 inch is equal to a lifting force of 2*1 lbs. per square 
foot, or 44,000 lbs. on the total surface of the roof. Applying 
the formulae found by experiments 2*1 = 0*43, |> =4*9 lbs. 
per square foot, which represents the wind's most powerful 
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impact on the roof of the holder. The pressure on the side 
of the holder was 0-36 X 4-9 X 15,000 « 26,600 Iba, of which 
11,800 lbs. was the pressure on the wind side, and 14,800 lbs. 
suction on the lee side. 

Beferring to informations obtained from the Meteorological 
Institute in Copenhagen, where the wind is measured with a 
self-registering pressure gauge, the wind varied on the occasion 
named from 29 feet to 70 feet per second. This pressure ap- 
pears to be very low, but in reality the wind pressure on a 
large surface is never so great as estimated, on account of the 
great irregularity of the wind's speed. 

The variation has been especially studied by Professors 
Langley and Marvin of America, and it has been demonstrated, 
that even on high places lying unsheltered, the wind varied 
incessantly. 

Mr. Langley noted variations of from 9 to 36 miles per 
hour, and ascertained that taking the average of the maximum 
and minimum variations, the speed varied 10 miles each ten 
seconds. The speed would suddenly vary from 40 miles an 
hour to 0, but there were innumerable variations. 

Mr. Marvin discovered similar variations, and at the Copen- 
hagen Meteorological Institute (where the wind speed is mea- 
sured by current passing over an open vertical pipe, in which 
the contained liquid is raised by the rarefication or suction 
caused by passage of the wind) results of a like nature were 
observable. 

Sir J. Wolfe Barry, the engineer of the Tower Bridge, read 
a paper last year before the British Association,* in which he 
explained that, after the destruction of the Tay Bridge, the 
Board of Trade issued instructions to the effect that all future 
calculations were to be made on a basis of a pressure of 56 lbs. 
per square foot, instead of the 40 lbs. as previously calculated, 
and he further remarked : — 

'^I have been able to carry experiments further at the 
Tower Bridge by observing the pressure on the surface of the 
bascules of the bridge, as evidenced by the power exerted by 
the actuating engines. In this case we have a wind gauge of 
some 5000 feet in area, and it has been shown that, while small 
anemometers placed on the fixed part of the bridge register 
from 6 lbs. to 9 lbs. per square foot, the wind pressure on the 

* 'Journal of G«8 Lighting/ Sep. 18, 189Sr 
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bascules is only from about 1 lb. to Ij^ lb. per square foot It 
is difficult to imagine the amount of money which has beea 
wasted in unnecessary provision against wind strains of 56 lbs. 
on large areas, in consequence of this hurried generalisation of 
insufficient data. I know something of what the proyision for 
56 lbs. on the square foot for wind cost at the Tower Bridge, 
and I do not wish to mention it But if the public had been 
told that the dictum of experts, arrived at however hastily in 
1880, was to be set aside in the construction of that bridge, all 
confidence would have been destroyed in it beforehand, and I sup- 
pose no Committee of Parliament would have passed the Act" 

Here the pressure per square foot is even less than that 
ascertained by the writer during a storm, viz. 4*9 lbs. per square 
foot, perhaps on account of the area of the gasholder being 
three times as large. 

The writer once, under a storm, tied a large gasholder, 
120 feet diameter, fast to a column on the wind side with a 
thin cord. The cord held for half an hour and eventually 
broke ; it was confirmed by testing the breaking strength of 
the cord that the wind pressure was only 3 lbs. per foot A 
communication on this subject was sent to * Journal of Gas 
Lighting,' 4th May, 1897. If one really wishes to become 
acquainted with the force of the wind, then America is the 
place to visit 

Mr. J. Baier, an American engineer, has published the re- 
sults of some enquiries on wind pressures in the * Proceedings 
of the American Society of Civil Engineers,* January 1897. 
These statistics are voluminous, and are accompanied by many- 
photographs which depict ruined structures which have the 
appearance of having been submitted to the effects of fearful 
earthquakes. The writer will dwell shortly on several of the 
items which are of special interest, and which are closely allied 
to the subject under discussion. 

In St. Louis— the 27th of May, 1896— a tornado de- 
molished, in the course of half an hour, something near to 
7263 buildings, of which number 321 were totally razed to 
the ground. At the s>)me time the new large St Louis iron 
railway bridge was ruined, 252 lives were sacrificed, and the 
monetary loss amounted to three millions of pounds sterling. 
The buildings for the major part were built of iron and 
stone. To quote an instance of the storm's severity, it can 
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bo mentioned that the railway bridge was ruined by the wind 
lifting a portion of the track weighing 280 tons quite away, 
at the same time demolishing the brickwork. Enormous steel 
beams weighing 13,000 lbs. were flung 120 feet away. The 
railing of the bridge flew 1300 feet distance from its original 
position, and it was proTed that the wind exerted a lifting 
force on the roadway of the bridge of 43 lbs. per square 
foot. The loosened portions of the bridge were hurled through 
the air similar to projectiles; one wood planking was thrust 
through an iron plate ^ inch thicL A large corn elevator, of 
wood, weighing 3500 tons, was removed 19 feet and crushed. 
Another even heavier elevator was pushed 11 inches to one side, 
but again blown back. This is enough to show the appalling 
power that had been raging. 

The storm exerted its force mostly on the upper stories, 
where the roofs were lifted ofi* and flew away, with the con- 
sequence that the waUs collapsed. It was estimated that the 
wind force equalled 120 miles per hour, about double the speed 
known in Europe, and equal to four times the force. 

The upper story of the Meteorological Institute was blown 
away, and many of the instruments followed suit, but with 
true American energy the observations were continued as well as 
possible under the existing conditions on the lower floors. 

Mr. Baier found that, on estimating the stability of the 
structures, the force exerted on and in the destruction of the 
St. Louis bridge must have been 60 lbs. on the square foot, and 
the power which removed the corn elevators 20 and 40 lbs. 

on the square foot 

Such a hurricane simply razes all and everything in its 
path, but is fortunately not known in Europe ; and if we assume 
that the forces mentioned by Mr. Baier are correct, it cannot 
be wondered at that the forces estimated in Europe are con- 
siderably less violent. 

Mr. J. Baier has further inquired into the reasons for these 
tremendous effects of storm, and is convinced that a great por- 
tion of the destruction is due to the constant variation in the 
speed and strength of the wind, by which great differences in 
pressures are established in the interior and exterior of build- 
ings, which pressures have no time for adjusting themselves in a 
natural manner, but break through windows and walls, seeking 
adjustment by the shortest way possible. A considerable por* 
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tion of the damage is likewise due to the preyionsly explained 
siiction on the lee side of bnildings and structures. Mr. Baier 
goes deeply into these matters, as the results have been pub* 
lished in America; and he menticms that unexpected results 
have been arrived at, especially regarding the powers of suction, 
which may thus be regarded as a known phenomenon. 

When the wind has a speed of 90 miles and a variation of 
120 to 160 miles, such a wind will, according to experiments, 
when it rushes across a building, exert a lifting force of 20 to 
40 lbs. per square foot, without giving the pressure time to 
adjust itself. 

Finally, Mr. Baier says, *' The results of these experiments 
show that the wind acts in a direction quite different from 
that generally assumed, and usually provided for in designing 
bridges, roofs, and buildings. The evidence at St. Louis con- 
firms this conclusion." 

One may thus assume that the experiments on the small 
models have been verified by Nature itself, and that calcula- 
tions of the wind's force must be made on a different basis than 
hitherto, inasmuch as, besides the horizontal effects, the upward 
force must be taken into consideration, the power of which can 
equal half the power of the wind's normal pressure. 



DISCUSSION. 

The President : I need hardly say we are greatly indebted 
to Mr. Irminger for this very original paper. He has come a 
long way to read it to us. There is a story that a man is no 
prophet in his own country, but I can assure you that in 
matters of this description Mr. Irminger is a prophet in his own 
country ; and now he has come to prophesy to you. He has 
studied wind pressures for many years ; he has made many ex- 
periments, and what he has arrived at, concerning the effect of 
the wind upon gasholders, is most noteworthy. I am sure he 
will be only too pleased to answer any questions, or to show 
you the methods upon which he has conducted his experiments. 
They are all so simple that you can verify them with little trouble. 

Mr. G. E. Stevenson : I have had the very greatest plea- 
sure in listening to this paper of Mr. Irminger, and I feel myself 
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very gratified that he has been so ready to become a useful and 
an ornamental member of this Institation, inasmuch as he has 
given us a paper at the very first meeting he has attended. I 
had the honour to propose Mr. Irminger as a Member last year. 
Such a paper as this we have just heard read we have not had 
for many years, but it is the kind of communication we want. 
We are a body, not only of gas makers^ but of civil engineers to 
a large extent, and it is very desirable that the higher elements 
of the engineering sciences should not be forgotten in our 
meetings, but should receive the attention they have done in 
this paper. The paper is most interesting, showing how easy 
it is for us to be for long periods under mistaken ideas as to 
the forces and effects of natural phenomena. As Mr. Irminger 
shows, the effects of wind pressures have been studied from the 
point of view of preconceived ideas, and except when great 
catastrophes have called the attention of engineers to the 
question, very little seems to have been done by investigation 
to prove whether the established ideas were correct or not. As 
to the form of roofs, for instance, the idea that a gable-ended 
roof should be one that is stronger for resisting wind pressure 
seems in the light of Mr. Irminger's investigations to be 
ridiculous now. And, moreover, the practice, based more upon 
experience than scientific study, seems to show us this, because 
in many countries, where tornadoes are of frequent occurrence, 
the roofs are flat, but protected by high parapets in such a 
manner that the wind cannot get under them. We know that 
a building that has an open end, with a large roofed-over top, 
is more likely to be destroyed by a gale than one which i^ 
entirely closed in, and that, of course, must be due to the great 
lifting force of the wind by suction. There is one little matter 
I am not quite clear about myself, and I should be very glad 
to have it cleared up in my mind. When Mr. Irminger says 
that so much percentage of the total pressure is pressure, 
and so'^much is suction, does he mean that the actual wind 
pressure is 100 per cent. ? Does he mean there is anything 
beyond the actual wind pressure as measured by the anemo- 
meter, or that so much of it is suction, or that there is, in 
addition to the wind pressure as tested by the anemometer, a 
suction which makes the total greater than we thought it to be? 
Apart from that, if the anemometer can show correctly what is 
the total wind pressure, then comes the question whethdr if a 
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great portion of that is suction, and has an npward tendency, in 
what direction has it to be provided for ? In that respect I think 
these investigations of Mr. Irminger will be found extremely 
useful to those who have to design gasworks. I wish to express 
my appreciation of the paper in every sense of the word. 

Mr. W. H. T. Wbbbeb (London) : Mr. President, I wish to 
contribute my meed of praise to Mr. Irminger for this most 
admirable paper, which, I think, focuses in a very convenient 
form — a useful, appreciable form — some certainly new informa- 
tion respecting wind pressure ; and summarises a good deal of 
information which has been floating about, and otherwise only 
accessible to those who might take the trouble to look it up. 
This is, the matter of the way in which the wind acts — I think 
that is the point on the paper rather than the pressure of the 
wind — ^the way in which the wind acts upon a structure, and it 
is due to Mr. Irminger's credit that he has succeeded in making 
it very clear that the action of the wind, whatever may be its 
measurable value in weight upon structures, is different to what 
is generally believed. As Mr. Stevenson puts it, we have had 
preconceived ideas on the subject. It is scarcely necessary to 
remind a scientific audience that the ''preconceived idea" is 
the enemy of all truth and progress. It is one of the things 
to which human nature is very prone ; we are all likely to look 
at things in the light of preconceived ideas. Some years ago, 
when I first had to look into this matter, I was amazed. In 
applying the usual formulce of wind power and resistance to 
certain structures, the wonder to me was how they stood. Of 
course I came to the conclusion that there must be something 
wrong about the formulas, and that there are other forces acting 
in a way which were not understood, and that the forces which 
we thought we knew of did not act in the way in which we 
imagined. And in the case of gasholders, in which we are most 
interested, I came to the conclusion that the great thing to do 
with a gasholder is to hold it down, not so much to hold it up. 
That, I believe, is the key to safe construction against the pres- 
sure of wind — it must be largely a question of holding down. I 
was confirmed in that view by a little observation I made about 
two years ago. I was in the country, and an old friend of mine 
had recently put up on the top of a hill a water reservoir, which 
be had covered with corrugated iron. Now, that corrugated 
iron reservoir cover was very well put on, and the top of the 
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TOservoir was only about 6 or 8 feet above the level of the soil, 
and it was made to arrest the eye or catch the wind as little as 
possible. The idea was that of a sunken battery in military 
engineering. Grassed slopes led up to it, and the whole thing 
was almost buried. The projection of the corrugated iron 
beyond the walls, to allow the drip, was only a matter of an 
inch, and it was quite closed in. There was no means of wind 
getting under it. Well, there came a gale, and the whole of 
that roof was carried off and deposited in the adjoining field. It 
was clear that what destroyed that roof was lifting, and not wind 
pressure at alL My friend said, it went like a card would be 
shied. It did not occur to me at the time to ask him whether 
it was held down, but I did afterwards. As a matter of tad, he, 
not being an engineer, had forgotten to fasten it down ; he con- 
sidered the thing was so snug there was no reason for the wind 
to carry it away. I think we must remember an observation of 
the American engineer, that when the wind is blowing very 
hard, there is a tremendous amount of oscillation going on. The 
wind does not blow with the same pressure from one half-minute 
to the other, and there is a tremendous effort towards an equi- 
librium, which tends to the blowing up just as much as the 
blowing down of structures. I think the civil engineering 
profession is much indebted to Mr« Irminger for the careful, 
conscientious and really luminous way in which he has eluci* 
dated this question. 

Mr. J. W. Helps : I should like to give one experience 
that came before my notice a short time ago. In a very heavy 
storm in February last, one of my workmen told me what 
happened to the roofs of two houses near to where he lived, 
and he assured me that those roo& were bodily lifted off their 
supports and deposited in the garden by his side. I was 
inclined to laugh at him, for I did not think that roofs could 
sail in the air. I, looking only at the pressure side of the 
question, thought they would be pushed down and that part 
of the walls would come down with them. I think the manner 
in which this subject has been brought before us to-day will 
enable us to understand a great many matters connected with 
wind pressures that we have not understood before. It has 
often puzzled me as to how the first slate comes off a roof. 
You have a closed roof and the wind going across it with an 
immense velocity. If what Mr. Irminger says is correct, that 



^ 



202 DISCUSSION. 

upward sucking action lifts off the first slate, and the others' 
follow as a matter of course. With regard to the wind pressure 
upon gasholders, I think that any engineer who has fixed at 
the outlet of the holder an ordinary self-registering gauge, 
and has noticed it in a lieavy gale will quite appreciate what 
Mr. Irminger has said, that the pressure varies on an average 
from 6*5 to 5 '8 inches. During the gale I have mentioned 
I particularly noticed the indications of the automatic pressure 
register, and I noticed that there was a variation and drop in 
the pressure equal to 3*10 lbs, to 4*10 lbs. during that night. 
I wish to add my thanks to those who have spoken, and add my 
testimony to the value of the paper. I hope we may have a 
few more like it in the future. 

The President: Some of us sail a great deal, and we 
know that the wind pressure on a boat when close hauled is 
very little at the masts, and it has been a matter of speculation 
among sailors as to what makes the boat go forward. The 
lateral resistance of the water has a tendency to drive the 
boat forward, but it seems to me this paper elucidates much of 
what we have been endeavouring to ascertain for many years 
past — that the force exercised at an angle of say 4 or 6 degrees 
to the wind, as indicated in the diagram, effects at the backs 
of the sails a vacuum which drives the boat forward. But 
when translating this paper I could not help laughing occa- 
sionally when I thought of some of my good friends who have 
large telescopic gasholders and what must their feelings be 
when they find out that it is not the force of the wiud which 
will turn them over, but one fine day they will find their top 
compartment sailing over into their neighbours' gardens. 

Mr. J. 0. V. Irminger (Copenhagen) : Permit me to return 
my hearty thanks to Mr. Stevenson, Mr. Webber and Mr. Helps. 
With regard to the gasholders, it is of course necessary to have 
supports on account of the horizontal pressure of the wind. 
With regard to Mr. Stevenson's remarks I will give an ex- 
ample. Mr. Stevenson asks me in what manner I would 
calculate the pressure. Taking, for instance, a sphere with a 
cross-section of 10 square feet and the wind pressure 12 lbs., 
the pressure would be 120 lbs. Then the total pressure on the 
sphere is 0'31 multiplied by 120, that is about 37 lbs. Of 
these 37 lbs., 23 per cent, is the pressure on the wind side, and 
the 77 per cent is the suction on the other side. 
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DESCRIPTION OF THE BERLIN GAS-WORKS. 

(1.) MUMIGIPAL WOBXS TS OIT8OHIIVBB8TBAS8B. 

(Drawings 1 and 2.) 

Thb works are situated so that the coal can be carried into them 
both bj water and by raiL The railway siding in Gitschinerstrassoy 
connects the works with the *'8chlesiche Bahnhof" (Sileslan Railway 
Station). The coal can be stored either in the open air or in the two 
coal sheds situated opposite to the retort-houses. Out of the two 
retort-houses, No. 1 is fitted with five double rows of furnaces, arranged 
vertically to the longitudinal axis of the retort-house and situated in 
couples placed back to back. In retort-house No. 2 the furnaces are 
placed parallel to the longitudinal axis of the building. In retort- 
house No. 1 the furnaces are charged by hand, while in No. 2 they 
are partly charged by hauling and charging machines worked by 
electricity. The number of furnaces existing in the works is 107, 
and of retorts 931. The various apparatus following the furnaces, 
and more fully specified above, are all located in brick-work houses 
indicated in the plan of situation. 

The works are equipped with three gasholders capable of holding 
altogether 43,600 cubic metres, while the gasholder installation in 
Fichtestr., which belongs to the Gitschinerstr. Works, and to which 
part of the gas produced in these works is transferred, has at present 
three gasholders with a total capacity of 96,900 cubic metres. The 
fourth gasholder, now in course of construction, of 47,000 cubic 
metres capacity will be taken into use next year. 

During the working year 1898-99, 110,650 tons of coal were 
carbonized in the Gitschinerstr. Works, yielding an output of 
82,048,000 cubic metres of gas. 

(2.) WoBES NEAE SoHMABOENDOEF. (Drawing No. 8.) 

The coal is received by the works from Halensee Station of the 
Berlin Circle Railway, on overhead railway sidings. The coal-shed 
is situated on one side of the railway siding, and the retort-house on 
the other side thereof. In the latter the rows of furnaces are arranged 
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parallel to the longitudinal axis of the building ; the furnaces have 
partly horizontal and partly inclined retorts. For feeding the latter 
a mechanical stoking arrangement is provided. The coal having been 
broken up by breaking appajratus, it is raised in iron trucks by hy- 
draulic lifts, to the level of the upper working floor, whereupon these 
are pushed by hand along narrow-gauge tracks to the back of the 
furnaces and emptied into iron coal bunkers, from which the coal 
slides into portable charging boxes (mounted on wheels) which 
are arranged like those in the MUllerstrasse Works, and which dis- 
charge their contents into the inclined retorts. The furnaces with 
horizontal retorts are worked by hand. Altogether there are 40 
furnaces with 360 horizontal retorts and 20 furnaces with 180 
slanting retorts. 

In connection with these works there is a gasholder branch in 
Augburgerstr. In order to pump the gas over to the latter a 
similar plant has been erected as in the Danzigerstr. Works, but 
on a larger scale. The transferring main has a diameter of 840 mm. 

The works have one gasholder of 81,000 cubic metres capacity, 
and the Augsburgerstr. Branch likewise one gasholder of 81,000 cubic 
metres capacity. 

The works as well as Ihe branch is capable of enlargement up to 
a capacity of about 400,000 cubic metres per day. 

During the financial year 1898-99, 60,634 tons of coal were 
carbonized, yielding 17,298,000 cubic metres of gas. 

The total output of gas in all the Berlin Municipal Gas-works 
taken together, was 128,140,000 cubic metres for the working year 
1898-99, as compared with 121,747,000 cubic metres for the preceding 
year, being an increase of 6 * 26 por cent. 

The works in Stralauerplatz, which ceased to be in use on the 
1st of April of this year, participated in the past financial year 
1898-99 in the total output, to the amount 6,924,000 cubic metres, 
and carbonized 24,175 tons of coaL 
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DESCRIPTION OP THE NEW FREDEBIKSBERG 
W0BK8 OP THE DANISH GAS COMPANY. 

COMHTTNIOATDD BT F. D. MABSHALL. 

Thv worlcs were commenoed in the spring of 1896. The time ooonpied 
in building operations being about ten months. The old works were 
laid off on the 14th December, and the new ones started immediately 
with almost the maximum winter consumption. 

The coal-storing machinery has been described in the Proceedings 
of the Institution. The coal is stored preliminarily at the Coal 
Company's wharf at the Free Harbour — the arrangements have been 
inspected by the Members — and is transported as required to the 
gas-works. One train daily carries 100 to 200 tons. 

At the gas-works 1000 tons are stocked in the " Monier " pockets 
or bins. The storing of and emptying the bins is performed me- 
chanically at the rate of about 120 tons per hour, the two actions 
taking place, if need be, simultaneously. Two to three men only 
being required to handle 120 tons per hour. The coal hoppers in 
the retort-house are filled every evening at 6 p.m., so that no coal- 
handling is done at night. The coal-storing plant has now been at 
work for four years, and apparently with a minimum of wear and 
tear. 

The retort-house is fitted with 158 12-feet inclined retorts, equal 
to a maximum daily production of about 1,200,000 cubic feet. The 
retort-house under construction will be fitted with seventy-two 16-feet 
retorts, and is estimated to produce about three-quarter millions 
per diem. 

The coke will be transported to the existing steam-crushing 
machine by a De Brouwer conveyor. 

The condensing is effected entirely by water-tube condensers, the 
water for the same being abstracted from and returned to the gas- 
holder tanks. It is pointed out that no apparatus or pipes of any 
description are exposed outside buildings, and pipes of every kind are 
accessible in cellars or culverts. The tar is abstracted by special tar 
extractors placed in the condenser-room. These are fixed after the 
exhausters. The tar tank, 80 feet by 50 feet by 10 feet, is perhaps 
the largest tank constructed on the ** Monier " system, and has been 
described in the Proceedings of the Institution. 

The boilers are of the water-tube type constructed in Copenhagen, 
one 90 horse-power, and two 60 horse-power. Attention is directed 
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to the water-cleansing apparatus, whereby the boilers are supplied 
with, comparatiyely speaking, ohemicallj clean water. 

The exhausters require no attendant. The Inbricating being 
effected automatically and the regulating by the beautifully con- 
structed apparatus on the '' Hahn " system, to which special attention 
is directed. 

. The purifiers are filled by a continuous conveyor passing along 
the floor of the house, and are emptied by doors in the bottom of the 
boxes. 

The engine driving the coal machinery actuates the oxide elevator* 

The Station Grovernor is on the " Ledig " system, and is worthy 
of inspection. It is practically automatic, increasing and decreasing 
pressure in direct accord with the demands of the district. This 
action is effected by a syphon-arrangement. The initial inlet-pressure 
to the Governor must be always constant, and this is effected by 
employing a ''Sentinel" Governor, whereby any variation in gas- 
holder-pressure is adjusted. 

The gas is carburetted by a Bunsen carburettor, and is impregnated 
with alcoholic vapour by the Bueb apparatus. 

The offices and Manager's dwelling are heated by air warmed by 
the slow combustion breeze burning Ferret's Galorifere. 
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DESCRIPTION OF THE EASTERN GAS-W0EK8, 

COPENHAGEN. 

COMMUHIOATED BT F. D. MABSHALL. 

« 

The coal supply is at present remodelled so that the coal is re- 
ceived from the Free Harbour. The coal is taken from the ship by 
the aid of two cranes — system " Hunt" Each crane can lift 700 tons 
per day. The cranes are provided with grabs containing one ton of 
coal, which is emptied into railway tracks, and transported to the 
gas-works. 

The railroad rises in the gas-works and is carried up to the level of 
the coal-honse roof, the gradient being 1 in 82, and the minimum radius 
of the curves 80 feet. A locomotive draws six cars, each carrying 6 tons 
of coal, and two trains do the transport. Along the elevated railway, 
outside the coal-sheds, are hoppers into which the coal is discharged, 
and under these hoppers are the automatic cars (System Hunt) which 
receive the coal and convey it into the coal stores, discharging it at 
the places desired. A oounterweight brings the empty cars back, 
in titu under the hoppers. The coal-houses can contain 40,000 tons 
and the coal is stacked 14 to 18 feet high. 

There are two retort-houses, viz. the old one, worked by hand- 
power, which has forty generator ovens with one generator for every 
two ovens — each oven contains seven retorts. The new retort-house 
is worked by '^ West's manual machinery," and also contains forty 
ovens of same construction as in the old house, but each oven is fitted 
with eight retorts. The two houses are equal to a maximum produc- 
tion of 8f millions cubic-feet gas per diem. 

The condensers are water condensers erected in a condenser- 
house, there are twenty of them arranged in five rows, four in each 
row, each condenser contains 16*4" water-circulating pipes, through 
which the water passes in the opposite direction of the gas. 

The temperature of the gas at the outlet is about 20^ Celsius 
summer and winter. The circulating water, when leaving the con- 
densers is about 40° Celsius, and is used for the boilers and baths, &o» 
By the side of the condenser-house is a large tar tank, in which the 
tar and ammonia water are separated. From the ammonia liquor is 
produced sulphate of ammonia. Nearly all the tar passes through two 
centrifugal extractors which separate the liquor from the tar. 

The exhausting plant consist of three exhausters; two of a 
capacity of 150,000 cubic feet per hour, while the third combines 
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two smaller ones which are driyen by the same engine and have 
a capacity of 80,000 cubic feet per hour. 

There are four boilers, in which feed water is purified from lime 
by the aid of natron. 

The tar is separated from the gas by means of three Andouin & 
Felouze condensers, each equal to the treatment of three million 
cubic feet gas per diem. 

Two standard washers of same capacity wash the gas free from 
ammonia. 

The purification is done by means of oxide of iron in two systems 
of purifiers, namely, six of dimensions 20 feet by 17 feet, which are 
old, and four new ones of dimensions 38 feet by 28 feet. The lids 
are handled by hydraulic cranes ; in order to assist the purification 
4 to 6 per cent, of atmospheric air is pumped into the purifiers by the 
aid of two small exhausters, with meters attached; charging the 
purifiers is therefore very seldom required. The old purifiers are 
fitted with '* Dry-Centre-Valyes," and the new ones with ** Hydraulic^ 
Centre-Valves." 

There are three gas-holders, one containing 400,000, one contain- 
ing- 600,000, and one containing 200,000 cubic feet gas. 

There are two station meters, each passing 3 million cubic feet 
per diem, and the gas is sent out to the town through two regulators 
by means of two mains, one of 30 inches, and one of 36 inches diameter. 

For the treatment of the coke there are two sets of crushing 
machinery, each consisting of two crushers. By the aid of hydraulic 
cranes the coke is elevated in cars, and may be sorted or stacked as 
required. The measuring of the coke is executed automatically. 

There is now being built a water-gasworks for a production of 
two millions of cubic feet per diem, with an assisting gasholder of a 
capacity of 40,000 cubic feet, and an oil tank to hold 1200 tons of 
oil. The gas will be led from this plant to the condenser^ and from 
here will be sent to the town, together with the coal gas. 

For the workmen and stokers are provided several commodious 
apartments, as well as bathing rooms furnished with warm shower^ 
baths, and lavatories with cold and warm water. 

Maximum of gas produced in 1898 was 720 millions cubic feet. 
The illuminating power of the gas is 15 Hefiaer candles (14 English), 
and no cannel is used. 

Cable feet. Per cent, 

Gas need for lighting purpoflea .. .. 438milliona 84 89 

Cooking and motor gas 618 „ 49*74 

Gas for street lampe 95 „ 7*68 

Consumption on works 13 „ 1*00 

Leakage 83 „ 6*69 

Total 1242 „ 100*00 
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The InoreaBe for consiimptioii for lighting and cooking gas was in 
1897 equal to 8 * 68 per cent. 

There is a special price for lighting and cooking gas* 
The number of meters fixed in 1898 was : — 

For lighting purposes . . . 20,886 
„ cooking y, . . . 50 315 

„ prepayment meters • • 2392 



1 
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ABSTRACTS OF PAPERS PUBLISHED IN VARIOUS 

CHEMICAL JOURNALS. 



Incandesceni Oas Lighting in Munich. By Dr. E. Schilltno. (Journal far 

Gasbeleuchtung, 1898, 897.) 

The author states that the installation of the electric light in the principal 
streets of Munidi having given great satisfaction in consequence of the great 
improvement in the lighting, it was decided to improve the standard of illu- 
mination in the whole of the streets of the town. Por this purpose the whole 
of the public lamps (6100 in number, and exclusive of the electric arc lights 
in the principal streets) in Munich, were fitted up with incandescent burner 
enclosed in holophane globes. 

The renewals since the commencement amount to 

Chimneys 2 * Oil per lamp per annum. 
Mantles .. 4*2 „ 

The total cost of maintenance, including interest and sinking fund charges, 
amounted to 14«. 6d, per lamp per burner per annum, with mantles costing 
10**i^penoe each« 

The cost of mantles having since been reduced to M, each, the present 
cost is only 12s. Sd. per annum. 

According to the Annual Report of the Munich Statistical Office, the total 
charge for 830 electric arc lamps in the year 1896, amounted to 22,7962., 
while 6100 incandescent gas lamps only cost 11,966/. for the same period, 
or 211. 9«. and 21. 7s. per lamp per annum respectively. — G.P.L. 



The Balance Sheet of Heat Unit$ in Coal DistiUatum. By Hebman 
Poole, F.C.S. (Abstract of Communication to American Gras Light 
Journal.) 

The author commences his communication by stating, that while tests of 
boiler efficiency are frequently made, practically nothing has been done to 
test the efficiency of retort settings. Particulars are then given of an actual 
efficiency test upon a retort setting, in which every care was employed to 
obtain correct results. The coal was analysed and weighed. The calori- 
metric value of the coal and the products was actually obtained by experi- 
ment and not calculated, and each product was carefully weighed as pure 
and clean as it could be. 

O 2 
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The analysis of the coal showed : — 

Psr o0Dt« 

Carbon 75182 

Hydrogen 5*176 

Oxygen 8*202 

Nitrogen 0*940 

Ash ; ; .. .. 7*050 

Moistnie • 8-450 

100*000 
Total heat units for the crude ooal .. .. 13,260 

By distillation at cherxy-red heat there was formed : — 

Percent. 

Coke 65*66 

Tar from hydraulic main 0*87 

„ M cooler 1*16 

n t, condenser 1*89 

Gas .. 1709 

Ammoniaoal liquor 9*35 

Loss, water, &c 8*97 

100*00 

The products yielded on analysis the following composition : — 

Analysis or Deoomfositiov Pboducts. 



— 


CarboD. 


HydrogBn. 


Oxygen. 


Nitrogen. 


Aih. 


Water. 


CUoriflo 
Power. 


Coke 


86*77 


0*41 


204 


0*62 


10*27 


0*88 


12,6S5 


First tar 


89*91 


4*95 


5*14 




•• 




16,097 


Second tar 


87*22 


5 50 


6*28 




•• 




15,896 


Third tar 


85*18 


5*60 


9*22 




• • 




15,369 


Gas 


55*09 


21*46 


28*45 




•* 




20,000 


Ammoniacal liquor . . 


• • 


•• 


. . 




« . 




00,000 



The heat values of these different products added together, should equal 
the total of the original coal. Multiplying the percentages ohtained hy the 
respective heat values : — 



Heat Yaltjbs of Deogmpositzoit Pboduots. 



Coke 

First tar.. 
Second tar 
Third tar 



65*66 
0*87 
1-16 
1*89 



Gas 17*09 

Loss 3*97 



X 
X 
X 
X 
X 
X 



12,635 
16,097 
15,896 
15,379 
20,000 
13,260 



Total 



Heat units in coal 



: 8,296 
140 
184 
290 
8,418 
527 

12.855 
13,260 



Unaccounted for, 3 ' 05 per cent. 



405 
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In order to split up the coal and produce these various products of the 
decomposition, force was needed, and all the original force of the coal is 
retained. This new force must have come from the outside ; that is, from the 
combustion of the fuel in the furnace. The consumption of coke was equal 
to 21*09 per cent, of the coal carbonised, therefore the amount of heat 
available was 21*09 per cent x 12,635 = 2665 heat units. These 2665 heat 
units then were used in decomposing the coal, forming the new compounds, 
distilling them, heating them, and also in furnishing the heat lost by radia- 
tion, and that carried awaj to the chimney by the waste gases from the fire. 
An idea as to the amount of heat used in the decomposition can be had by 
comparing the actual and theoretical heat units of the different compounds 
produced : — 

GoxPABiBON or Calculated ahd Actual Hbat Values. 



Gakaktod. 



Coke 

First tar .. 
Seoond tar 
Third tar 
Gas.. .. 



12,682 
15,689 
15,592 
15,150 
19,152 



AotaAl. 



12,685 
16,097 
15,896 
15,869 
20,000 



Difference. 



8 

458 
804 
219 
488 



Feroentages. 



65-66 
0*87 



1 
1 



16 
89 



1709 



Grand total diflSerenoe 



ToUl 
Dlfferenoei. 



4 
8 

4 
69 




1 
5 
1 
5 



81*2 



The losses from radiation and waste gases can be approximated. The 
number of heat units carried off by the waste gases can be computed by 
multiplying the percentage in weight by the specific heats, and then multi- 
plying the sum of these products by the temperature of the gases. Suppos- 
ing 300 cubic feet of air was supplied per pound of fuel, the composition and 
heat values would be as the following table : — 



Percentaife bj 
Weight. 

Oxygen '1111 x 

Nitrogen '7096 X 

Aqueous vapour *875 X 

Carbonic «»d *1418 x 



Speciflc 
Heat 

0*217 = 

0-244 = 

0*479 = 

0-217 = 



1*0000 



0*0241 
1781 
0*0179 
0*0808 

0-2459 



Assuming the temperatures to be at least 500^ F., the units of heat 
carried off would be 0*2469 X 600 = 122*95 units per pound of gases, and 
as there are 5*11 pounds of products from 0*2109 pounds of coke 122*95 
X 5* 11 s 628 units to chimney per proportionate charge of fuel. 

The approximate distribution of the heat produced by the combustion of 
the coke in the furnace is as follows — 



Consmned in decomposition .. .. 

„ waste gas 

„ radiation 

Unaoooonted for, and loss in distillation 
Probable loss from hot gas, &a . . . • 



81 
628 
266 
986 
754 



Total heat units 2665 
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Determiiuituin qf ihe Vaipowr TeMums of ike OondenBaUe Eydroearbont in 
Coal Gas, By Wilfrid Ibwik. (Abetract of a Paper read before the 
Manchester Section of the Society of Chemical Industry.) 

The author first directs attention to the quantity of condensable products 
produced per unit of coal carbonised, and cites as an example the following 
table, giving the yield of the most important bodies capable of being con- 
densed from gas produced by the carbonisation at high temperatures of one 
ton of Lancashire coals. 





BoOlDgFblnt 


IdOm. 


InTVff. 


TotaL 




Degrem 


Ita. 


Iba. 


lbs. 


Benzene , .. ., ^ 


80-4 


18-0 


0-8 


18*8 


Toluene 


111 


60 


0-7 


6-7 


Xylene 


137-142 


0*4 


10 


1-4 


Cumeoe .. •• 


163-169 


01 


0-8 


0-4 


Naphthalene 


218 


015 


13 


13- 15 


Phenol 


184 


• • 


10 


10 


Pyridine (90 per cent.) 


120-140 


• • 


0-3 


0-3 


Anthracene 


360 


. • 


0-3 


0-3 


Phenanthrene 


340 


* . 


1-0 


10 


Higher phenols and sundry heavy oils .. 


200-400 


•• 


22-7 


22-7 


Pitch 


•• 


"• 


93-0 


93- 




24-65 


:341 


158-75 



Influence of Temperature on Yield of Condensable Products, 

. The conclusions arrived at by the author upon this point may be con* 
veniently summarised in the following table : — 



High Tbmpebatubes produce greater 
percentages of: — 

Hydrocarbons of the aromatio series. 
Naphthalene. 

Benzene (at the expense of phenols and 

paraffins). 
Pitch. 



Low TsHPBRATUBKS produos greater 
percentages of: — 

Hydrocarbons of the paraffin serlea. 

Sundry heavy oils. 

Pjrridene. 

Phenols. 

Cumene. 

Xylene. 



Toluene, phenanthrene and anthracene are not materially influenced by 
changes in temperature. 

Vafoub TEHSioirs. 





10°. 


16<». 


80°. 


M*. 


ap. 




mm. 


mm. 


mm. 




«c. 


Benzene 


48 


61 


79 


• • 


80-4 


Toluene .. 


• • 


19-4 


■• 


• • 


1110 


Xylenes 3 


• • 


6-3 


•• 


• • 


138*41 


CumenoH 3 


• • 


1-5 


•• 


. . 


163-9 


Naphthalene 


• • 


003 


■• 


0-08 


218-0 
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Ftom tlie analysis of the gas reoorded in the foregoing tables, it was calcu- 
lated that— 

10*7 per teaL wiftsatorated with benxene. 
9 '5 „ „ toluene. 

1*2 „ „ xylene. 

1*1 M M eomene. 



22-5 
Leaving 77*5 per cent, to be satnrated with high beiUng hydrocarbons. 

Naphthalene is the only other substance possessing an appreciable yaponr 
tension, and is present in considerable excess, hence at 15** C, something 
approaching 77*6 per cent, of the gas is saturated with naphthalene. At 
15° C. and a vapour tension of 0*03 mm. it has been found that 10,000 cubic 
feet of gas contained 0*1 lb. naphthalene. 

As only 22} per cent of the gas is saturated with low boiling hydro- 
carbons, there is an extensive field for enrichment, or the mechanical addition 
of other hydrocarbons, to take the place of naphthalene in saturating the 
remaining 77i per cent of the gas. For this purpose benzole is by far the 
best method when the gas is consumed in flat-fiame burners, but carburine 
shows up much better in the argand burners usually employed for testing 
illuminating power in gas-works. — G. F. L. 



Depth of Fire in Water Gas Oenmutore. By J. M. Busbt. (Abstract of 
Faper read before tiie American (Hs light Association.) 

The author records a series of tests on the influence of depth of fuel on the 
quality and composition of the gas produced, and these are briefly summarised 
in the following table. 



Depth of fuel 

Duration of ^ mn " in minutes . . 
Duration of *' blow " in minutes . . 

Blast pressure in inches 

Clinkering 

Gas made per run (cubic feet) . . 
Steam in generator per 1000 oabio\ 

feet / 

Semarks 



Testi. 



7'0" 

7" 

7" 

7"-8" 

12 hours 

8450 

82 lbs. 

Fuel and oil 
resuHs very 
uniform and 
good. 



Testa. 



S'O" 

7" 

7" 

4''-6" 

7 hours. 

5200-5700 

45-51 lbs. 

Fuel and oil 

results 
inferior to 
No. 1 Test 



Tests. 



8'0" 

7" 
7"-3" 

51" 

7 hours. 

4250 

45-50 lbs. 

Heats in car- 
buretter and 
super-heater 
difficult to 
control, and 
oil results 
very poor. 



The nms in each case were alternately up and down. 
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Holes wen drilled in the eides of the geoeriior, and the guee auljaad 
from Tftrious portioDS of the marfiiiiR daring both ** nuu** and "bkywa.* 

The leeDlts indicated that nearly the whole of the carbonic acid prodoDed 
daring the Uow was redooed to carbonic oxide at a point 3 feet above the grate 
ban,aad alao that the peioentage of oxide waa greatest with the shortest ''blowB^* 
With the hea?iest blast employed no oxygen oooldbedisooTendat 2 feet above 
gntebarL 

It was sssomed at the oommenoement of theexperiments, that as snexons 
of steam was admitted, the percentage of carbonic add woald be lowest 
at the bottom of a 7 feet fire, and woold also be lower (at least at the begin- 
ning of a ran) with a shallow than a deep ^n. Neither assompdon was 
feond to be troe : the carbonic add in the nncarboretted gas was fonnd to 
increase from 2 to 2i per cent, from the beginning to the end of a seven 
minates ran. Oarbonic add was materially dec rease d by shortening the 
period ** blow " and decreasing steam sapply.— ^. P< L. 



Naphthalene. By Dr. P. ErmEB. (Abstract ai Paper read before the Mid- 
BhenishABSOciation of Gas and Water Engioeers. Joamal of Gas Lighting, 
Feb. 21, 1899.) 

The anihor commences his paper by comparing the graphic formula of 
naphthalene and benzene, and showing that the latter is of much simplo' 
composition than the former, as will be seen from the respectlTe ring chains 
indicated bebw : — 

Naphthalene (C,«H»). Bennone (G«H«). 



HCCCH HO OH 

HC G OH HG GH 

VV V 



Naphthalene has the larger and heayier molecules, and is ridier in carbon, 
is solid at ordinary temperatures, melts at 80° G. (176° F.), and begins to boQ 
at 217° G. (423° F.). Like beosene it Tolatilises at ordinary temperatures. 
Practical research and theory alike show that bensene and naphthalene are 
not formed after the gas has left the retort, but are produced by changes 
during carbonisation. 

When substances such as benzene, toluene and xylene are sulgected to a 
considerable degree of heat in the retort, many changes take place, and the 
long chains in the formula are ruptured into fragments, resulting in the formation 
of simpler and more elementary bodies, which again recombine to form 
new comUnations. Bodies such as toluene and xylene with open chains are 
much more readily ruptured than those represented by ring-shaped formulsB ; 
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the lateral ohuns indioated on the formnls giyen below being easily torn off 
or abbreviated. 

Tolaene. Xylene. 

H H 

i t 

H— C C— H H— O C— H 

i " i » 

H— C-H H— C O—H 

\/ \/ 

O 

H— (>-H H— 0— H 

i H— O-H 

As naphthalene is one of the bodies represented by a ring-shaped formnla, 
it is comparatively unaffected after being once formed in the retort. 
ICO parts by weight of gas coal yield :-* 

Coke = 68 parts. 

Water (gas liquor) .. = 10 „ 

m^^ _ g reontaining 6 per cent. =s 0*3 parts of 
— » w \iiaphthalene, also 0*05 parts Mnzene. 

Coal ffAii - 17 /containing 8 per cent = 1-25 parts 

^^o "• *» \ benzene. 

There are thns obtained from 100 parts by weight of coal 1'3 parts of 
benzene, distributed thus :— 

1*25 parts = 96*2 percent in the gas 
005 „ = 3-8 „ „ tar 

and 0'3 parts naphthalene distributed thus: — 

Traces = — per cent, in the gas 
0*3 parts = 100 „ m tar. 

Goal gas at 10° G. (6C<^ F.) retains:— 

Per cubic fiwt Per 10,T66 cubic feet 

Benzene 94*8 grains. 146 lbs. 

Naphthalene .. .. 0*87 ,• llb.5}oz. 

It will be noted from a consideration of the above figures, that nearly the 
whole of the naphthalene is thrown down out of the gas with the tar, chiefly 
by the action of the homologues of benzene, which have ring-shaped formuls 
with lateral chains attached, and dissolve naphthalene freely. Hence the best 
remedy appears to be in not using too high heats which tend to dissociate 
these homologues. 
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Another remedy lies in the addition of a solvent viaponr to the gas, which 
on cooling in the district mains, will carry down the naphthalene in solution. 

The table given below gives the solubility of naphthalene in various 
solvent liquids. 

SOLUBILITT OF NaFHTHALEKB AT DiFrEBEHT TbMFBBATUBBS. 



Solyant 


Parte by w«lgfat of Naphthalene dis- 
aolTed by 100 parts of solvent. 


Alcohol 


AtlO°a(6«oF.) 
6-0 


AtOOC.(33°F.) 
4-25 


Petroleum ether 


11 05 


7-75 


Benzene .. ..• 


40-70 


82 00 


Toluene 


85*80 


24-80 


Xylene 


29-00 


20-80 



Tension at Diffjsbknt Texpbratubes in Mxllihetbes of Mbboubt. 





Attf'C. 


AtlO^C. 


Ataooc 


Alcohol 


120 


200 


43*0 


Petroleum ether 


68*0 


690 


100*0 


Benzene 


250 


490 


76*0 


Toluene • .. 


8-5 


14-0 


23*0 


Xylene 


30 


4-2 


7«0 



The quantity of the various substances to satnrate 1 cubic foot of gas is 
given in the following table. 



One cubic foot of Gas takes up of— 


Ato^C. 


Atie°C. 


AtSOCG. 




grains. 


grains. 


grains. 


Alcohol 


16*02 


22-37 


47-46 


Petroleum ether 


137*90 


173*71 


247-17 


Benzene 


60*78 


94*65 


145*39 


Toluene 


20*82 


31*79 


61*89 


Xylene 


7*38 


11*06 


18*35 



If gas is fully saturated at the higher temiierature, and is then cooled 
down, the vapours condense out until the point of saturation at the reduced 
temperature is reached. The liquid which condenses out in this way is avail- 
able for dissolving any naphthalene deposited, but the vapour which still 
remains in the gas has no action whatever upon \U 
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Gniii0 of liquid wbkh Bepftrftto out 

firum ODe cubic foot of Qab when 

ttlaoootod. 


Onlns retained m 
Vapour at— 




From 30° C. 
tolo°C. 


FromloPC. 
to (PC. 


From 20° C. 
loO°C. 


10° C. 


0°C. 


Alcohol 

Petroleum ether . . 

Benzene 

Toluene 

Xylene 


2509 
73-46 
60-74 
20 10 
7-29 


6-35 
85-81 
43-87 
11-47 

3-68 


31-44 
109-27 
94-61 
51-57 
10-97 


22-37 
173-71 
94-65 
31-79 
11 06 


16-02 

137-90 

50-78 

20*32 

7-38 



^ 


Oraliu of Naphthalene dissolved by Quantity of 

Garbnrettiog Liquid which sepuvtes firom 

one cubic foot of Gas. 




From 20° a to 
10° C. 


Fro 

mlo°C.to 

0°C. 


lYom 20° C. to 
0°C. 


Alcohol 

Petroleum ether 

Benzene 

Toluene •• .. 

Xylene 


1-25 
8-12 
20-65 
7-10 
2-11 


0-27 
2-78 
14 04 
2-84 
0-76 


1-31 

8-47 

80-28 

7-83 

2-28 



• 


* 


Grains of Liquid with which the Gas must be satu- 
rated at 20° C. in order that 100 grains of Naphtha^ 
iene may be dissolved when the gas is cooled. 




From 20° C. to 10° C. 


From 20° a to 0° C. 


Alcohol , 


3758 

3044 

705 

732 

869 


3549 


Petroleum ether 

Benzene 

Toluene 

Xylene 


2919 
479 
663 
804 







The cost of removing 100 grains of naphthalene by solvent liquids is 



shown in the following table : — 



Garbnretting Liquid. 



Alchohol 
Petroleum ether 
Benzene 
Toluene.. .. 
Xylene .. 



Price 
per lb. 



d. 

•744 
•907 

090 
-526 



0-545 



Price 
per gallon. 



I. d. 

1 2 

1 1 

9} 

1 IJ 
4| 



Ooet of process per 

100 grains of Naphthalene 

Resolved when Gas 

is cooled. 



From 20° C. 
to 10° a 











d. 

-936 
-829 
•110 
160 
•067 



Fromao°a 

too°a 










d. 

-884 

-795 

075 

14 



0-0"67 
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The author strongly advocates the use of solvents, such as those enumerated 
in the foregoing tables, and more particularly recommends that of xylene 
(solvent naphtha) as the cheapest agent for the purpose. He also further 
points out that as coal-gas always contains appreciable quantities of the 
vapours of homologues of benzene, such as toluene and xylene, it is not 
necessary to use the full quantity required according to the calculations in 
order to secure the desired effect. As a rule 8*75 grains solvent naphtha per 
cubic foot of gas, or li lb. per 1000 cubic feet, will 8uffice.~G. P. L. 



Pumping Gas, By G. J. Robbbts. (Abstract of Paper read before the 

American. Gas Light Association.) 

The author gives the results of a series of experiments on pumping gaa 
with exhausters and Sturtevant blowers, also formula deduced therefrom. 
Formulae : — 

Where L = Length of main in yards. 

R = Revolutions per minute during test. 

R' = „ „ when outlet valve closed. 

y = Volume of gas delivered if no slip in exhauster* 

V^ = „ actually delivered. 

H' = Net head difference. 

y = Velocity in feet per minute. 

H = Net head at exhauster. 

G' = Net capacity of exhauster. 

G = Gross capacity of exhauster. 

G = Specific gravity of gas. 

Q = Volume of gas per minute. 

Ms = Thousands of cubic feet pumped per hour. 

C** = Constant. 

« "^v" ■ 

VH X 0-036 X 144 
^^~ 33,0U0 

^"R-R' ^-R 

C' 
Percentage of slip q- • 

Formulas for Wilbraham's Exhauster : — 

HP = 0-00611 X H X Ms. 
For fan : — 

HP = 0-01 X H X Ms. 

The experiments show that positive exhausters are more efficient than &n8y 
and also that they are most efficient at the maximum speed. 

Note, — ^The author mentions that the low efficiency of the fan was partly 
due to a restricted inlet. 
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Influenoe of various Oxides on the Luminomiy and Durability of Incandescent 
Mantles, By Hkbb W. Bbuvo. (Abfitniot of oommunication to Zeit- 
schrift ftir Beleuchtungswesen.) 

The author gives the results of some very exhaustive researches on the 
iDfluenice of various oxides employed in the production of incandescent 
mantles. The experiments quoted were made on mantles impregnated with 
thorium-cerium solution, with the following added thereto by increments of 
0*1 per cent. 

The Use of— 

Aluminium Increases the elasticity and refractory qualities of 

the mantle, but involves a loss of luminoaitj after 
a short period of use. 

Magnesium and Cadmium Produce a tendency to split the mantle, but in other 

respects are sinular in their influence to alumi- 
nium. 

Beiyllinm In amounts greater than T)*5 per cent, it oausea the 

mantle to oontrsot and become useless. 

Zinc Reduces luminosity. 

Calcium Causes mantle to contract longitudinally, and re- 
duces light emitted. 

Potassiam and Sodium .. Give a pale yellow tinge to light 

Yttrium Increases brilliancy of mantles on first lighting. 

Bidymium Resembles cerium in its efiects on the mantles, but 

reduces luminosity. 

Lanthanum Increases hardness, but give a brownish tinge to 

the light. 

Chromium, Cobalt, Zir^l Stiffen mantle^ but give the light a peculiar 
conium. Uranium . . / oolonr. 

Lithium In quantities up to 0*5 per cent, in thorium-cerium 

solution produces a soft mantle giving a brilliant 
white light, but is not permanent in its effect 

G.P.L. 



The Becovery qf Nitrogen in Coal DisttUatum, By W. Carsick Anvebson, 
D.S.C., and Jambs Robebts, F.C.S. (Abstract of paper read before the 
Scottish Section of the Society of Chemical Industry.) 

The authors emphasise the great importance of the subject of the recovery 
of nitrogen, and consider the subject under the following heads : — 

1. The way in which the nitrogen of coal distributes itself on heating, 
and the conditions under which ammonia is obtained in retorts and ovens. 

2. The limits of ammonia production, and the obstacles in the way of 
reaching these limits. 

Nitrogen in Coal, Excluding anthracites, the average quantity of nitrogen 
present in coals is about 1 '4 per cent. or^31*36 lbs. of nitrogen (equivalent to 
147 '8 lbs. sulphate of ammonia) per ton of coal carbonised. 

Mr. Beilby gives the average yield of sulphate of ammonia as : — 

From coke ovens .. 19-7 lbs. = 13.3 /percent of available (calculated 

\ on above bs8it»). 

„ blast furnaces 20'2 „ = 13*7 „ 

„ gas-works.. ..22*4 „ = 16*1 „ 
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Behaviour (f tie Niir<tg»n Mt Seating. — WheD coale are Rubjected to a 
gradually increasing temperature in a cloeed vessel a coosidprable loaa in 
weight is expericDced before the thermometer reaches 300^ C, but the 
authors have not obaerved anj loss (rf nitrogen below 333° C. In each 
of the experimeots, alkaline reactKW commenced below i8(f C, The splint 
and ffia coals of Mid-Lanark sbire begin to jield alkali at wbat is, compara- 
tive! j speaking, a low temperature — a fact which isnndoabtedlj of great valuA 
in relation to the development of ammonia recovery in the bln«t--A]macee of 
the West of Scotland. 
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'llie authors also give the results of some experimeuta made by tliem, on 
the efTect produced by adding varioos alkaline snbetancea to the coals before 
carbonisation, which are summarised in the following table. 
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These figures prtwnt two very remarkable features :— (1) a fairly complete 

elimination of the fixed nitrogen is effected by caustic soda in Che case of 
non-ooking coals, but none at all in the coking varieties ; (2) carbonate of 
soda causes, in every case, a further fixation of nitrogen, and in the cbbb of 
the non-cokiog coals this is equal to over 90 per cent, of the total nitrogen 
content of the coal j (3) slaked lime produced in all cases very little result. 
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but invariably showed a tendency towards fixing additional nitrogen in 
the coke. 

Nitrogen set free from Coals. — ^The experiments made showed that the total 
nitrogen left behind in the coke was on an average of 64 per cent. The 
balance of about 36 per cent, is set free in three forms, alkaloidal and other 
nitrogenous bodies in tbe tar, ammonia in the liquor, and free nitrogen in 
the gas. The authors conclude that no part of the nitrogen of coal is liberated 
in the distillation process as free nitrogen, and its invariable presence in the 
gaseous products may therefore be set down to a more or less exclusive disso- 
ciation of the previously formed ammonia in contact with heated surfaces. 
The ammoniacal gases evolved from the central portioos of the charge having 
to make their exit through a layer of partially coked material, which is 
already at a fairly high temperature, while the conditions, so far as the 
roughness of the solid surface and tbe rate of passage of the gas are concerned, 
are alniost ideal for bringing about dissociation to the utmost extent, and go a 
long way to explain the fact that, while for the whole country the average 
yield of sulphate from gas-works is 22*4 lb. per ton, that from coke ovens is 
only 19 -7 lb. 

Ammonia in the Blast Furnace. — The recovery of ammonia from the 
gases of the blast-furnace presents itself as a special case of what is carried on 
in a gas-works, apart from the engineering difBculty of dealing with the 
130,000 cubic feet per ton as against 10,000 cubic feet in gas-works, the process 
would present no extra difficulty, were it net for one factor which is most remark- 
ably ignored. So far as avoiding the danger arising from simple dissociation 
of the alkali is concerned, the gradual descent of the charge in the furnace 
admits of distillation being carried on for a fairly lengthy period at a low 
temperature, as compared with that obtained in a gas retort, while, since the 
gas in rising is continually passing into ssones of diminishing temperatures, 
the alkali does not here incur the risk of dissociation to the same extent as in 
making its escape from the coke oven. Yet we find that the average jrield 
from blast furnaces is only 20*2 lb. as against 22*4 lb. in gas-werks. What 
is the reason ? 

A long-continued series of experimental trials established conclusirely 
that the presence of iron ore in the distillation chaige was responsible for a 
very serious falling off in the yield of sulphate of ammonia, and that this was 
brought about by oxidation of the ammonia by the oxide of iron, a reaction 
which begins at a fairly low temperature. A sample of splint which gave 
when distilled about 31*65 lb. of sulphate of ammonia, yielded when treated 
as nearly as possible imder the same conditions of temperature, but in the 
presence of calcined clay-band ore in the proportions of an ordinary blast- 
furnace charge, only 23 lb. of sulphate. 

Another c(Md, similarly treated, gave — 

When distilled alone 30*73 lb. ammonia sulphate per ton. 

„ „ with iron ore .. 17*11 „ „ 

The authors summarise their conclusions as follows: — 

1. When coal is heated, part of the nitrogen contained in the nitrogenous 

constituents comes off as ammonia in the gases, part goes to form nitrogenous 

compounds in the tar, the rest remains fixed in the coke. 
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2. The percentage which is thus evolved as ammonia is dependent partly on 
the structure of the nitrogeDOus oonatitaent of the coal, as well aa two other 
factors, the amount of hydrogen available to combine with and carry off the 
nitrogen, and the period during which the nitrogenous body is exposed to the 
influence of the hydrogen above a c<irtain temperature. 

3. Heating th'e nitrogen-containing body has no effect alone in dislodging 
the nitrogen, there must be a simultaneous action of hydrogen or certain 
hydrogenised compounds. 

4. llie presence of free nitrogen in the gases got from the distillation of 
coal amounting frequently to 25 per cent, of the total nitrogen of the coal, 
is due to the dissociation of ammonia at temperatures over 500° 0. 

5. The amount of this dissociation is increased by the rise of temperature 
and by increase in the time during which the gas is exposed to the heat. For 
this reason, although in a coke oven the charge is subjected to a more gradual 
heating than in a gas retort, the quantity of ammonia liberated in the lower 
part of the charge is subjected to dissociation conditions for a longer time in 
passing upwards through a thick crust of strongly heated coke. 

6. In blast furnaces the oxide of iron exercises a destructive efiect on the 
anmionia at comparatively low temperatures; and while, owing to the 
gradual descent of the raw coal towards the hotter region of the furnace, a con- 
siderable part of the ammonia will be formed, and escape before the limit of 
dissociation is attained, yet the influence of the oxide of iron in the ore, 
which is active at a veiy much lower temperature, may be such as to more 
than counterbalance the benefit derived from these favourable conditions, 
and bring out the average yield of sulphate at a lower figure. — Q. P. L. 



Ttsting Produds of Combustion from Furnaces^ BoHen^ dx. (Abstract of 
Communication to the Journal dea Usines k Qbz, Oct. 20, 1899.) 

The oonmiunication is devoted to a description of a method devised by 
Le Chatelier, for detecting the presence of carbonic oxide or oxygen in the 
waste gases from boiler and retort settings, furnaces, etc. 

The method depends npon the property possessed by heated metallic 
copper of rapidly blackening in the presence of oxygen, and also that the 
oxide BO formed is capable of being reduced to the metallic state by carbonic 
oxide. 

The apparatus consists of an enclosed Argand-Bunsen lamp, with a 
refractory porcelain central tube, having a film of copper deposit^ on th^ 
upper portion. 

The gas to be tested passes through, and round the outside of the 
heated porcelain tube, and the presence of either gas is indicated on mere 
inspection of the metallic surface of the tube. — G. P. L. 
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Qa$ Analym. (Abetnot of Artiele ia Gw World, April 29, 1899.) 

The article is devoted to a description of a method of analysis devised bf 
Dr. Otto Pfeiffsb of Magdeburg. 

The apparatos he advocates is shown in Figs. 1, 2 and 3, oonsiats of a 
Bunte burette B, with the lower end oonnected to a water-level bottle N, bj a 




ri|i 





ft« 3 



length of rubber tubing S. The absorption pipette P is connected to the bora 
of the upper cock 6 by a short piece of tubing S. The water employed 
is reddened by acidiBed litmus solution. 

In making an analysis, the first step to take is to measure the gas in the 
burette in the usual way, and then transfer to absorption pipette P (taking 
care to force out any air in the pipe b sp\ and retransferring for each component 
of the gas. The absorption of COt in the pipette P is complete in about one 
minute, that of heavy hydreearb(»iB in fuming sulphuric acid in about five 
minutes (with shaking). 
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^0^— CSare miuit be taken to wash out the barette with alkaline eolation, 
after the uae of faming soipharic aoid, to remove any fumes left behind. 

Methane ia ascertained by ezploaion in the pipette R shown on Fig. 8. 

Oxygen is determined separately by a calorimetrio method devised by 
Dr. Pfeiflfer.— G. P. U 



Qraphit Method of Determining Illumination. By Hoerst. (Alwtracted 
from the ' Progressive Age's ' Abstract of Oommunioation to the Balletin 
of Association of Engineers, Lidge.) 

When it is required to fiod the illumiaation at any point of a horizontal 
plane due to a luminous source whose intensity in every direction is known, 
the following graphio method gives a rapid means of doing so. 

Referring to the figure, the illumination at a point R on the horizontal 
surface^ due to a luminous source 0, whose height F = A, and intensity I in 




direction of point is given by the formula I cos' a^ -4- h\ in which a? is the 
angle made with vertical by a line joining R to source. To find curve xy» 
whose radius vector Oy s 1 gives the luminosity of an ideal source which 
produces a uniform illumination over horizontal planes. It is necessary to 
make Oy coe^ a° -i- A' = a constant which gives Oy = Ox -i- cos' a^, so that 
this curve can be easily drawn. The standard curve xyzu then a very useful 
one for the rapid determination of illumination on horizontal planes, due to 
any other source, such as the one whose luminous characteristic is represented 
by a ft c in the figure. 

The illumination at point R is then ft oos^ a^ -4- A* s kOh-^Oy^ in 
whidi kssOx-^h* isa constant Hence the horizontal illumination Is at 
once determined by multiplying the constant value k by ratio 06 -»- Oy cor- 
responding to point considered. — G. P.L. 

p2 
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Street Lighting with Incandescent One Bumers, — ^Dr. E. Sohiluhg, Mimicli* 

(Journal fUr Gasbelenchtmig, 1899, p. 629.) 

At last year's Meetiug of the Bavarian Society of Gas and Water Engineers 
it was decided to obtain details of the results of incandescent street lighting by 
gas, during the previous year, in various Bavarian towns. Replies to inquiries 
were obtained from eleven towns, and the author was requested to report on 
the same. 

It was foimd that, in Nuremberg, double burners are generally used in the 
lanterns, and in Munich only single burners. In the latter town there are 
6370 lanterns, with the same number of burners, while, in the former town, 
there are 6402 incandescent burners in 3349 lanterns. The remiuning towns 
stand between these two extremes, and have generally single burners^ with 
double ones only at the most frequented points. 

The lanterns used are partly new special ones and partly old ones con- 
verted. At Munich, and to some extent at Warburg, Eletter flame lighten 
are employed for lighting the burners, while at Nuremberg pilot lights are 
used, kept always burning, but in the other towns, the lighting flames are 
extinguished during the time the main burners are alight. As compared with the 
pilot light, the Eletter lighter is little used, but its economy over a continually 
burning pilot light, and with gas at 3^. per 1000 cubic feel^ amounts to 4s. 4cf. 
per lamp per annum, or, with a lighter extinguished during the time of 
lighting, to 28, lOd, per lamp per annum. The Eletter lighter works quite 
as reliably and quietly as the flash lights, and internipticws, such as the 
extinction of the pilot flame by wind, are not likely to occur. The ssserted 
disadvantage, that the small holes in the Eletter lighter become stopped with 
naphthalene, has- not been observed, and is not likely to oocur as there is 
only gas in the lighting tube while the burner is being lighted. 

Holophane globes, which disperse the light and prevent the formation of 
shadows, are used in Munich ; the inflpence of these globes is decidedly good, 
but their use entails considerable expense, as, in consequence of their unequal 
thickness they break easily. 

In some of the towns spring antivibrators are used to protect the mantles, 
especially on bridges and in busy parts of the towns. 

The cost of adapting existing lanterns for the incandescent light varies in 
the different towns, between 205. and 30«. per lamp. The cost of maintenance 
is however important, although it has been considerably reduced, since the 
mantles now cost 2*4 pence each, while they formerly cost 2«. 6d. 

A table is giten showing the consumption of mantles and cylinders in the 

various towns, the figures show great variations. At Wurzburg 9*3 mantles 

and 4*2 cylinders were required per lamp per annum, while in the smalltown 

of Memmingen only 1 * 1 mantles and * 4 chimneys were used This depends 

greatly upon the conditions under which the mantles are changed ; for instance, 

in Regensburg the mantles are changed, in the most frequented streets, so soon 

as they do not give the required light, and are then further used for side 

streets. From the replies it appears that the burning hours for the mantles 

are: — 

In Munich 585 hours 

„ Nuremberg 567 „ 

„ Augsburg 662 „ 
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Karemburg and Regensbei^ are dutiDguishe 1 by very low coet of maintenancey 
this ia partly due to very cheap mantles and chimneys being used, but also 
because a large number of burners — principally double ones— are in a. re)a^ 
tively small area of the town, while, in Munich, the lighting with single 
burners extends over the wide outer districts, and, in the inner portion of 
the town, electric lighting predominates. Generally it may be inferred, from 
the information given, that, under normal conditions, the cost of maintenance 
varies between 5s, and 6*. per burner per annum. 

Notwithstanding the extensive use of electricity for street lighting in 
Munich, there is still over three-fourths of the total street area lighted with 
gas, and all new out-districts are so lighted, so that, at present, the number 
of gas lamps is nearly as great as it was before the introduction of electric 
lighting. The electric lighting consists of 830 arc lamps, of which 666 are 
of ten ampdres and 164 five amperes ; reduced to ten ampdre lamps, there are 

therefore 748 lamps in use. > 

£ 8. d. 

These 748 lamps cost in all, per annum 25^078 5 

Deduct for interest £2467 1 

n Sinking Fund .. .. 783 15 

* ,y Depreciation .. .. 2531 6 



Net cost of working 



5,782 2 





19,296 3 





14,121 19 
2,400 







The gas lighting, with 5075 gas lamps, costs •• 
Deduct subvention of the Company 

Net cost of working ' £11,721 19 

Notwithstanding, therefore, that the electric lighting serves less than one- 
fourth of the total street area, the cost p£ it is considerably greater than the 
three times extended area of gas lighting. If we calculate the working cost 
per lamp per annimi, it is : — 

For one 10-ampdre arc lamp .. .. £25 16 

y, one incandescent gas lamp ' .. .. 2 6 

According to this a 10-ampdre arc lamp costs roughly ten times as much as 
an incandescent gas lamp, and an arc lamp could be replaced by ten incan- 
descent gas lamps, the light from whidh would hardly be less than from tho 
arc lamp, and they would have the advantage of giving an equally distributed 
light. 

The advantages of the incandescent gas-light for street lighting have been 
recognised everywhere, and this mode of lighting has attained a prominent 
position in all towns in which electric lighting is principally used in Uie most 
frequented streets and open spaces, and as a light of luxury. — C. G. 
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Mr. W. H. H. Bboadbxbbt, Engineer and Maimer of the TottenbBm and 
Edmonton Gas Company, died on October 20tb, 1899. 

He was born on July 14tb, 1831, at CoUingbam, in Nottingbamsbire, and 
came to London at an early age, shortly after entering the service of the South 
Metropolitan (Hb Company. 

Subsequently be was. appointed Inspector to the Phoenix Gas Company, at 
Greenwich, under the late Mr. Robert Hunter, and only resigned this position 
to take up the management of the Grays Gas Works. He, however, shortly 
after returned to Greenwich. 

In 1856 he received the appointment as Manager to the Southend Gas 
Company, which position he filled for twenty years, being selected in 1874 by 
the fioard of the Totteoham and Edmonton Gas Company to fill the post of 
Engineer and Manager of their works, rendered vacant by the death of their 
late Manager. This position Mr. Broadberry held with much success for 
twenty-five years, during which time the business of the Company increased 
nearly sixfold — ^the output of gas having grown from about 90 miUiona in 
1874 to 622 millions in 1898. 

The whole of the manufacturing and distributing (?) were remodelled to 
Mr. Broadberry's designs, and remain as a monument to his skill and ability. 
Mr. Broadberry was always ready to place his large experience at the 
service of his professiooal friends, and took a keen interest in the advancement 
of the Gas Industry generally.. 

He was a great supporter of the Southern District Association of Gas 
Engineers, having been one of the founders and a past-president of that 
Association. 

Personally he was extremely courteous and fair-minded, and being of a 
modest and unostentatious disposition, was highly esteemed by those who 
knew him best 

He was an original member of this Institution, 



Mr. Fbank Livebet, bom on July 6th, 1844, was the younger son of the 
late Mr. Thomas Livesey, who was Secretary to the South Metropolitan Gas 
Company from 1839 to 1871. The subject of this notice was educated at a 
private school, at Dulwich College, and in the Applied Sciences Department 
of King's College, London. In October, 1861, he was articled for three years 
to Mr. Joseph Fogerty, who was at that time enjsaged on the Coalbrookdale 
and Craven Arms Railways in Shropshire. He remaiued with Mr. Fugerty as 
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an AsBistant until 1868, when, in oonjaaction with his brother, Mr. George 
Livesey, he designed and superintended the erection of new works for the 
Tynemouth Gas Company, and of gas-works at Tudhoe in the oounty of 
Durham. On the completion of the Tynemouth works he was appointed, in 
1870, Engineer to that Company, which post he held for three years. 

Mr. Livesey's connection with the South Metropolitan Gas Company began 
in January 1873, when he was ap^x>inted Assistant Engineer under bis brother, 
whom he assisted in the design of the first of the modem large gasholders, 
capable of containing 6i million cubic feet. The cost of gasholders was 
thereby reduced to less than 92. per 1000 feet capacity. In 1882 he succeeded 
his brother as Chief Engineer, and although the general plan of the new works 
at East Greenwich had been practically settled^ the detail work and the 
responsibility for their construction were mainly his. The conception of the 
shallow tank saving a large amount in construction by keeping above the 
water-bearing strata — ^the diameter being ten times the de|ith, or 300 feet to 
80 feet — for the twelve million cubic-feet gasholder at East Greenwich was 
his, and he carried out the difficult work of ouustruciion with the Company's 
workmen. 

As Chief Engineer during the great strike of all the Retort-House men in 
December 1889, his position was one of heavy responsibility, much anxiety 
and incessant work ; his services greatly contributed to the success of the 
Company in that memorable struggle. 

He was engineering correspondent to the Sydney and New South Wakss Gas 
Company, and he did a little outside general engineering and gas-work, but 
his energies were almost entirely absorbed by the work of the Company with 
its six manufacturing stations using over 900,000 tons of coal and employing 
some 4000 workmen. He contributed a number of useful papen to the Gbs 
Associations, and frequently took part acceptably in the discussions. He was 
selected to serve on technical committees for the investigation of problems 
connected with gas manufacture and distribution. The heating of retorts by 
generator firing received his special attention in the direction of making large 
furnaces to heat a number of settings. 

He worked beyond his strength, but he was not willing to give up unless 
compelled. Often during the last year or two of his life, in the winter time, 
on foggy days especially, it was not fit for him to leave home, bat he would be 
at his post, and then, in October 1898, on seeing a physician, he was told he 
must give up his work. Alas 1 too late. 

Mr. Livesey died at Reigate on May 3rd, 1899, at the age of fifty-four. He 
was a member of the Society of Chemical Industry, and was elected an Associate 
of the Institution of Civil Engineers in 1869, and became a member in 1883. 
He leaves a widow and eight children. 



Mr. Gbobos Ebnbbt Stbyensok was bom in the year 1848, and was 
the eldest son of the late George Wilson Stevenson, of Parliament Street, 
Westminster. 

Mr. G. E. Stevenson received his early training in the Locomotive Works 
of the London, Brighton and South Coast Railway Company, completing it id 
his father's office. 
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His first chaige of works was the xnansgement of tbe Peml»Qke Bock 
Gas-works, at the early age of twenty-two years. He was appointed Engineer 
to the Aberdare Commoners' Gas Company in the year 1871, resigning, how- 
ever, that appointment in the year 1878, to take the management of works 
in Hungary. 

On his return to England he obtained the appointment of Engineer and 
Manager of the Peterborough Gas-works, which he held for eight years, only 
terminating it on being appointed, in 1885, Engineer of the Buenos Ayres 
Hew Gas Company. 

At Buenos Ayres he remained for six years, the last two of which were 
devoted exclusively to consulting work. In addition to the extensive altera* 
tions and enlargements for the Buenos Ayres New Gas Company, he designed 
and erected gas-works in Argentina, at La Plata and Tarana. 

The Be volution, however, of 1890 brought to a sudden end the boom of 
good trade that had for some years been so extraordinary in Argentina, and 
Mr. tttevenson returned once more to England. 

He was Portly afterwards appointed Manager of the Bochdale Road 
Station of the Manchester Corporation Gas Department. He was later 
appointed, in addition. Engineer to the Department, and in that capacity 
designed and carried out all the large extensions and improvements required 
by the ever-growing demand for gas in that city. 

Mr. Stevenson took a lively interest in the welfare of the technical bodies 
connected with the gas industry, and contributed many useful papers for dis- 
cussion at their meetings. Perhaps his best was on *^ The advantage of the 
Begenerative System of Heating," read before the Gas Institute at Birming- 
ham, in 1881. It was the first clear and lucid statement of the theory of 
regeneration as applied to heating gas retorts, and many students of the 
subject have found it invaluable. 

On his return from Buenos Ayres, Mr. Stevenson joined the Institution of 
Qsa Engineers, of which he was President in 1898. 

He met his death by an accident, on October 30th, 1899, caused by an 
explosion while superintending extensive alterations to the connecting-pipes 
on the Rochdale Bioad Gas-works. 

He leaves a widow and seven children — ^two sons and five daughters 
Three of the latter are married, and the eldest son is following in his father's 
footsteps as an Engineer. 
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